Figure 1. The AquaVan Program

Teachers shared that the live animals were a “huge hit.” Students were
surprised at the textures of the animals they touched. They appeared to have
grasped key concepts from their experience. One teacher noted, “They were
excited to touch the artifacts. They were excited to tell me about the furs,
bones, and teeth that they saw and touched.” Lastly, when asked whether the
program had met their expectations, teachers noted that it used knowledgeable,
enthusiastic educators who clearly liked being around kids. One said, “It was
well organized. It was engaging. The presenters had good management. Time
was used wisely and effectively.”

Other constructive suggestions included that students would have benefited
from more time at the live animal exhibit and that the gym set-up was distracting
and loud at times. One suggestion was that since some activities were rushed,
they could be spread out over two days.

Research in Action

Research in Action takes place on-site at the Vancouver Aquarium (n.d.). As
the name suggests, the program engages students in research as if they were
“scientists” for a day. The activity enhances observation skills, curiosity, and
appreciation for local marine ecosystems. The program is rooted in a story of
rockfish research and conservation in Howe Sound, B.C. The program provides
a research experience where students link conservation with observation,
exploration, and research. Students also examine the internal anatomy of fish
through a herring dissection.

One week after the AquaVan came to the Chilliwack school, one elementary
class, which included some of the same student participants from our earlier
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focus groups, travel to Vancouver to attend a four-hour on-site program. The
students spend a half-day informally exploring the exhibits at the aquarium before
participating in the Research in Action program, which is led by the Aquarium
staff. We observed student interactions and took notes on their activities. We
describe the goals of the program and note how Ocean Wise leaders covered
ocean topics, which they then put into a local context. We recorded information
about the program through photos, document review, and informal conversation
with aquarium leaders and staff.

The students arrive at the Aquarium early in the morning by school bus.
The Grades 4 and 5 students are organized into two groups, each with one
teacher and a parent chaperone. They explore the aquarium exhibits for about
two hours. Students are very excited. For many, this is their first time at the
Aquarium. The students ask many questions about the interesting animals they
are seeing. The Aquarium hosts a number of exhibits that highlight not only the
Salish Sea ecosystem but also tropical marine ecosystems (such as coral reefs).
It also presents a simulation of the Amazon rainforest.

After their “free time,” students gather for the formal program, Research
in Action. Students are directed to a classroom where the leader asks, “What
did you do today that you liked the most?” Students have different responses
but they all relate to the animals they saw. One student replies, “The sea otter
knocking a rock into the sea urchin and then playing with a ball, I remember
when we talked about it in school.” The leader then asks what the students like
most about their community in Chilliwack. Responses vary but include reference
to the school area, playgrounds, swimming pools, and frequently-seen wildlife
(e.g., raccoons). The leader adds to their discussion by telling a story about her
commute to Stanley Park, where the Aquarium is located:

We are not just people living in a place, we are sharing it. ... I need to see and listen
to this place, very often I commute without realizing how my path is affecting others.
... Iam not paying attention to my surroundings. I acknowledge that this place is on
the unceded land of the Musqueam, Squamish, and Tsleil-Waututh Nations.

From there, the leader introduces a story about an Indigenous man who
fought for a fish species to survive in spite of overfishing in his community’s
traditional fishing areas nearby. To tell the story, she asks students to pretend
they are this man and to find out which fish species live in Howe Sound. The
program is then divided into three parts: a game, field research, and dissection.

The game. The students become excited when they hear the word “game,”
and they engage with the activity. They are put into four groups for this activity.
Similar to other memory games, students hold cards of two types: fishes and
anatomical descriptions. In groups, students match the image of the fish with
the card best describing its anatomy. They are learning about fish anatomy at
the same time as they are showing what they already know. One student says,
“What is the name of the fish’s [cheek] again, something with G?” Another
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student in the same group answers, “They are gills.” The groups finish the game,
matching all the cards. They show their work to their teacher when they are
done. Transitioning to the next part, the leader says that now that they know
the anatomy of each fish in Howe Sound, “It is time to dive in—please wear
your wetsuits before we go to the Sound.” In this role-playing activity, students
pretend to wear wetsuits while the leader says that now they cannot hear each
other because they are underwater. One says, “We can talk to each other using
our hands.”

Field research. In teams of two, students are given a worksheet with fish
names and a catalogue, which they are asked to complete. To do so, they are
released from the classroom and instructed to look for answers in the Salish Sea
exhibit. As students try to locate the fishes from the worksheet, they put a check
mark next to the ones they find. Working in silence, the students pretend to be
exploring the ocean, learning once more about the fishes from Howe Sound. As
the students continue their search, they keep pointing at the aquaria and fishes,
locating most of them before the activity ends. The leader calls to them to “get
back in the boat.” Finally, back in the classroom, the leader sums up the activity
by saying that now that we have evidence that some fish are missing or are very
hard to find: “Howe Sound should be a protected area.”

Figure 2. Ocean Wise Rockfish Exhibit (Research in Action program)
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Fish dissection. Based on the level of student engagement in creating
and sharing their “scientific study” with each other, it seems that dissection
(a voluntary activity) is the best part of the program. Students are excited to
touch and dissect a real fish from B.C. waters—a fresh-caught herring. A few
students say “Ew” while others say, “They [fishes] are not gross at alll” The
leader challenges them to look for something they are curious about, which
can be come the basis for their scientific research. “Do not open or cut the fish
without an explanation,” she says, and then provides an example: “I want to
open the fish to see their brain anatomy and to see how different they are from
our brain.” Each group has two fish they can dissect and investigate however
they want. “Wow that is so exciting, I have never touched a fish beforell” says a
student before asking, “Can I touch the fin? I want to know how it feels.”

The inquiry continues with lots of excited questioning. “Why are you making
the fish bleed ... that is not good?” asks a student. Another shows us what he
is doing: “I am trying to find plastic in their body or any injury.” A young girl
who first says she doesn’t want to touch the fish does so anyway and says, “We
have discovered the inside of their eyes. ... Wait, what is that?” Her partner
replies: “The gills ... that is how they breathe!” The students are excited, and
as observers we notice that the excitement increases with every new activity.
To wrap up, the leader challenges the students to find one new thing in nature
during their bus ride home. She states, “Every day we can observe new things
and how we can take care of them.”

Teacher Professional Development

Ocean Wise also provides resources to deliver custom professional development
(PD) opportunities for teachers. These involve visits to the Vancouver Aquarium for
such celebrated offerings as “teacher appreciation night,” which is hosted yearly,
as well as a variety of day or multi-day programming. These are augmented by
a range of online resources and course modules developed around “emergent”
ocean literacy themes. In this study, we followed two different programs of pre-
service teachers engaged in PD, both of which were hosted by Ocean Wise. The
first involved face-to-face visits to the Aquarium over several days as part of a
university course; the second involved pre-service teachers only with a newly
developed online education platform.

PD at the Vancouver Aquarium

In-person teacher PD at the Vancouver Aquarium involves a sampling of the
various programs that are available to K-12 schools. These are adapted for
an adult audience (e.g., Wet Lab or Research in Action). Teacher education
programs often include “behind the scenes” tours, providing participants with
a sampling of the varied conservation efforts and associated research that is
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also conducted by Ocean Wise in and for local communities. The pre-service
teachers that we observed appreciated the modelling of the programs, which
are typically delivered to K-12 schools. They enjoyed the opportunity to try out
a variety of ocean literacy strategies. Typically, a discussion followed an activity:
Program staff and teachers discussed how various activities could be adapted
for target age groups or specific grade levels. In the program we observed,
educators were offered a range of experiences related to the Wet Lab programs.
These were augmented by other programming, such as a “sustainability
scavenger-hunt,” which was conducted in the marine exhibits. Program staff
encouraged dialogue about on-going controversies, including one involving
marine mammals in captivity.

Overall, the teacher candidates were impressed with the ocean literacy
programs. An overarching theme emerging from participant comments related
to a greater awareness of ocean literacy and its importance for the broader
movement of environmental education. This could be described as a “bluing” of
their ideas about environmental education, an area that more typically focuses
on terrestrial (or green) issues. A sampling of representative comments for this
theme included the following:

Student teacher (ST): “The whole planet is connected by water and oceans.”

ST: “Everything is living and they are all connected. Trees, rocks, water, kelp.”

ST: “Ocean Wise topics shed light on infinite number of systems we are connected
to ...”

ST, referring to jellyfish in an exhibit: “Oh my god, when you look at the details, it’s
really complex ...”

Many teachers became more aware of specific controversies at play in their
community. There was a realization that controversy in and of itself is not a bad
thing, and that handled professionally, considering all aspects of a controversy
with K-12 students may create excellent opportunities for learning. Some
representative comments for this theme were as follows:

ST: “Education is a failure when things were labelled as black or white, right or
wrong.”
ST: “Not that plastic is bad. It’s our attitude ... [for example], our money is made
of plastics just like (drinking) straws, but you don’t see money at the bottom of the
ocean.”

Another perception was that Indigenous knowledge and pedagogy needs
to be better reflected in both Ocean Wise exhibits and programming. This was
acknowledged by education staff, who indicated this is emerging as a strategic
initiative for Ocean Wise. Representative student comments included:

ST: “I liked the controversy part ... more indigenous aspects would be awesome.”
ST: “Ethically this is indigenous territory.”
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We hoped to include some of these attempts at decolonizing education
exhibits at the Aquarium and in Ocean Wise programming within our case study,
but this was interrupted by complications related to COVID 19. A variety of
Provincial Health and Safety orders led to the temporary closure of the Vancouver
Aquarium to the public and a further suspension of the in-person aspects of
their programming (including AquaVan, on-site visits, and teacher PD). As our
research continued, we pragmatically shifted the focus to the online platform
that was rapidly expanding in its attempts to serve the needs of teachers and
K-12 students during the pandemic.

Online Platform and Educator Resources

The online platform by Ocean Wise features a newly developed Educator
Resource Library—a comprehensive and curated collection of resources,
lesson plans, and classroom activities designed to help educators include
ocean literary curricula in their classrooms. The resource is free for teachers
and is an easily navigated tool that has everything teachers need to “bring the
ocean” to the classroom. In the resource library, teachers can find detailed
information, activities, lesson plans, resources, and supportive media to help
them incorporate ocean literacy in their classrooms. The website also breaks
up the content into three main resource categories: Elementary (Grades 3-6),
Middle School (Grades 7-9), and High School (Grades 10-12).

The online platform is also designed so that students can take the
courses, working through the principles themselves at their own pace. For
some teachers, this is a way to add a “blended learning” element to a class,
or to entirely “flip the classroom.” As students interact with the courses, they
earn “virtual badges” by completing quizzes and assignments. Alternatively,
they can read through the material and explore the resources (including a
range of curated multimedia and interactive tools). The online courses are
linked to the United Nations (UN) Sustainable Development Goals, and they
also align with principles outlined in the UN Decade of Ocean Science for
Sustainable Development.

As part of our study, we asked a cohort of teachers and teacher-candidates
(enrolled in a university course) to interact exclusively with the education
courses and resources available to them on the online platform. Participants
were assigned to user groups that were linked to their classroom and grade
level experience. They were then asked to provide feedback to the Ocean
Wise staff and course designers. Feedback ranged from comments on the
“usability” features of the website to the quality and age appropriateness of
content and resources made available for the courses at each of their intended
grade levels (Table 1).
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Positive Constructive

Great video resources Reading level is too high and complicated
Included story maps are awesome Too much text not enough visuals
Teacher resources are good Need easier connection to the curriculum

components - include in descriptions of each

Love the lesson plans
b resource so they don’t have to read through

The curriculum achievements are helpful
- they link to specific activities that
match the ‘big idea’ Include more French resources

Include more interactive resources

Note. Middle School Level (Grades 7-9, ages 12-14): See https://education.ocean.org/oceanlitmid/

Table 1. Summary of Feedback from Teacher-Candidates

Overall, feedback from participating teachers was positive with regard to
the utility of the online platform provided. Educators were thankful for the
provision of a comprehensive and content rich resource, especially as it had
been provided free of charge to educators since the beginning of the pandemic.
The widespread use of this ambitious and developing resource has assisted
many educators through a challenging time for the K-12 education system.

As with any new platform, educators had much to say about how the online
resource could be improved over time. Many felt the platform should make its
“curriculum achievements” clearer for each resource or assignment, arguing
that students are more likely to use the platform if it is easy to find and access
these achievements. Teachers also argued the resource could be improved with
more visuals and more interactive components. Some recommended shorter
courses in order to reduce the amount of student time spent at the computer.

Participating teachers also noted that the usability of the online platform
would be improved if it were there were two designs: one for students and
one for teachers. They further recommended that the provision of briefing and
debriefing information for the entire course would improve the overall quality of
the online platform and its associated educational resources.

Discussion

This case study provides only a brief snapshot of the range of Ocean Wise’s ocean
literacy programming. Although the concept of ocean literacy has been explored
by Ocean Wise for several years, our study provides a first glimpse into how the
programs have been designed and the perceptions that participants have as they
interact with them. Importantly, this research set out to understand students’ and
teachers’ unique experiences with programming using a mixed methods approach
with the intent to inform future program design. We return now to our guiding
research questions in order to structure the discussion of our case study results.
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How Are the Programs Generally Perceived by Students and,/or Teachers?

It is important to note that Ocean Wise has developed a positive reputation
in the education field and is widely regarded as a leader in ocean literacy
programming. The perceptions of both students and teachers were
very positive, especially with regard to those parts of the programs that
incorporated aspects of experiential education. For example, the observed
excitement level of students during and after the activities are broadly
highlighted in our results.

Students felt that the AquaVan program provided some unique
opportunities to touch and observe animals up close in a familiar
environment. The program was perceived positively across age groups,
though feedback between the different ages varied. While younger students
perceived the activity to be “very long,” older students claimed the opposite.
This suggests that the length of the program should be adjusted relative to
the age group involved as it did not appear from the feedback that the same
format works well for all grade levels. Younger children also suggested that
because the program is run in the gym it should incorporate more games.
Some students considered the opportunity to feel, see, and act like marine
mammals to have been rushed and intense. When we asked older students
about how to improve the program the following comment was typical:
“AquaVan should give us more time to see the animals and the stations, it is
all way too fast.” This comment indicates that a few changes in the design
could be made, including its intensity. Despite some constructive criticism,
students indicated they would participate in the program again and would
recommend it to friends and family. All students told us they had an exciting
first-time experience seeing and touching live animals and that they hoped
to see more animals in nature. This type of positive experience is important
especially for children as it has been shown to influence intellectual, social,
and emotional development as well as fostering positive attitudes toward the
environment (Gill, 2014; Joyce, 2019).

Other positive perceptions were witnessed in our interactions with the
Aquarium-based Research in Action program. During a visit to the Aquarium,
we observed students’ interest in and excitement about activities escalating
from moderate to high. The way the activity was led was important for
the engagement of everyone involved, with the leader providing time and
freedom for students to explore and engage in ways that developed their
inquiry skills. All students were active in finding a rationale for dissecting the
herring and even those initially hesitant were actively engaged by the end.
Similar observations were made within the Teacher Education programs,
with participants excited to touch live invertebrates in the touch pools of
the WetLab or to “muck about” in hip-waders in the inter-tidal zone during a
beach cleanup activity.
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Do the Program’s Activities Inspire or Motivate Students to Become Ocean
Literate?

Through the range of programming observed, it was clear that the type of
activities designed work to inspire and motivate students to become ocean
literate across programs and grade levels. With its inquiry-based approach,
Ocean Wise leaders encourage students to ask their own questions. Our
results indicate that the activities provided by AquaVan (for example) created
a closer intimacy with and understanding of the marine lives that rely on
the ocean. The variety of ocean specimens (e.g., seawater with krill, curated
preserved specimens, live invertebrates) attracted the attention of both
students and teachers.

Since our study school was not located near the sea, most students were
seeing these ocean creatures for the first time. One pupil was not sure if she
had swam in the ocean before, realizing only for certain that she hadn’t when
she realized that the ocean has salty water. By studying ocean literacy in such a
removed context, where people possess varying levels of knowledge about the
ocean, we realized the goal of ocean literacy may have a long way to go. Further,
many activities are designed with open-ended space for students who have had
rich experiences with the ocean to recall moments near the sea (eg. interacting
with marine life or in quiet contemplation simply watching the sunset from
shore). Although the program included narratives and facts about the ocean,
students were also welcomed and encouraged to share their thoughts.

Importantly, Ocean Wise leaders also emphasized the concept of ocean
pollution and encouraged students to relate their experiences in the sea
to plastic pollution. As observers, we also noted that Ocean Wise program
goals and practices are closely aligned with the drive among environmental
educators to highlight the importance of understanding ocean complexity in
order to foster student “connection” with nature and help them comprehend
the cruciality of nature conservation.

Our conversations with students revealed that they cared about and
empathized with the animals they met or those about whom they heard stories.
By speaking about their past actions (e.g., collecting waste on the beach),
and by stating that we need to reduce, reuse, and recycle more, students
demonstrated their concern for the environment. For example, when they were
asked to touch a sea urchin with their little finger so they would not hurt the
animal, students were provided with an opportunity to empathize. Reinforcing
these feelings can also increase students’ understanding of animals’ behaviour
and needs, as well as improve their awareness of how animals might respond
to stimuli. These practices can nurture students’ sense of care and actions to
benefit all wildlife (Bandura, 2000; Chawla, 2009; Wharton et al., 2019).

Students also demonstrated an understanding of the ocean’s influence on
human needs, such as its provision of food and medicine. They also exhibited
an appreciation for marine organisms in the food chain and the benefits
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humans receive from the sea. The impact of plastic pollution on marine species
is an example of human influence on the ocean. By sharing a turtle shell from
the B.C. coast, leaders showed how the Leatherback Turtle is a visitor to the
local sea. They warned students that a single plastic bag in the ocean and can
be mistaken for a jellyfish, which is a turtle’s main source of food. Activities
such as these fostered understanding about the impacts the ocean has on us,
and vice versa. Most notably, one of the students in a focus group stated that
the only negative aspect of the program was her realization that many animals
are dying from pollution. As stated by Wharton et al. (2019), “Empathy is a
stimulated emotional state that relies on the ability to perceive, understand
and care about the experiences or perspectives of another person or animal”
(p. 158). They add that these feelings are primordial.

Implications

In our case study, we hoped to better understand how Ocean Wise programming
increased students’ connection to local (aquatic or coastal) environments.
Research in Action was a good example of a program that intended to make
such connections. The program we observed explored the Howe Sound
marine ecosystem through a dynamic and interconnected group of activities
organized around narratives in which students were the main agents. Using
storytelling and hands-on activities, the program inspires students to become
ocean literate.

In our view, Research in Action plays a critical part in a localized
(place-based) ocean literacy program. As described above, in this program,
children spend one day playing, watching, and doing activities related to
the nearby Salish Sea during an in-person visit to the Aquarium. Students
showed enthusiasm throughout the day as they played the role of researchers
investigating the local marine environment. When students play interactive
roles in a learning environment that is closely connected to place, they
understand and connect to the world being showed to them in a meaningful
way (Payne & Zimmerman, 2010).

As also described above, students participating in this program used their
imagination and engaged in hands-on activities to explore and find answers to
their own questions. When looking for local species of fish, students were quiet
but very keen to identify specific local species. By providing locally-referenced
experiences, the program allowed students to go beyond curriculum expectations
and scripts, planting a seed of inquiry that perhaps can become a scientific
journey or a more personal adventure. Students were deeply engaged when the
leader indicated students could look for anything they wanted in the third part
of the activity (herring dissection) as long as there was a “scientific” reason.
Experiential moments such as these can inspire students to “think outside the
box” and appreciate their important role in revealing the mysteries of the ocean.
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For a broader, individual interpretation of Ocean Wise programming,
teacher education programs that we observed also allowed participants to use
critical thinking and inquiry skills in developing their own personal conceptions
of ocean literacy. All PD efforts highlighted human activities as the major
influence on species extinction. Through localized narratives from Howe Sound
and other examples, the programs offered an opportunity for teachers and
students to embrace practices that foster critical inquiry skills and to understand
the consequences of these skills for place-based educational practice.

In contrast to Research in Action, the AquaVan program did not include
specific connections to local community. While children were encouraged to
share their experiences with the ocean, leaders did not integrate other possible
local and community connections. Since the program was offered inland (on
the Fraser River), the program might have included numerous examples of
how river systems estuaries, and eelgrass meadows connect them to the Salish
Sea. Indeed, many important physical, social and cultural aspects of the local
community were not explored. Including a broader community context could
work to improve or broaden students’ local interpretations of ocean literacy.

Some Challenges

As a final theme for our inquiry, we hoped to uncover some of the key lessons
and challenges faced in delivering ocean education programming. It is clear that
the core strength of Ocean Wise programs is in how they connect students to
the ocean through direct and hands-on experiences with marine organisms. In
doing so, children can personalize their understanding. From there, students can
ingest what it means to conserve and protect marine fauna and flora. Curated
and live specimens can work to bridge students empathy and knowledge of
the lives of ocean animals. Many students in our study had never previously
experienced living sea creatures. In these cases, without tangible experiences,
the ocean becomes a distant reality. Environmental awareness seems to be a key
result of Ocean Wise programming; however, there remain some key challenges
to overcome.

By enhancing marine education and awareness, Ocean Wise can inspire
the next generation to have a greater understanding of and appreciation for
the ocean. Still, it cannot effectively do so without a stronger focus on place-
based and community engaged forms of learning. Bringing a renewed focus
to local contexts would help students to make more connections to their
daily lives. A simple solution for AquaVan might be for leaders to dialogue
more with school staff prior the delivery of a program or to make further
information about specific local impacts available for students to take home.
Another challenge we can take from the Ocean Wise approach is that connecting
students with the ocean goes beyond textbooks and stand-up delivery approach.
As we witnessed, connecting students to the ocean requires action, empathy, and

184 Maria Albuguerque & David B. Zandvliet



experiential moments. Attempting to develop or adapt Ocean Wise programming
to an online environment creates unique challenges as it is difficult to replicate
these types of experiences in the digital environment. Teachers who reviewed
the online platform noted confusion about the website’s architecture. As stated
above, most felt there should be distinct ways for teachers and students to
view and interact with the course materials. Moving forward, it is advisable to
narrow the scope of online courses and to clarify how they can be student- or
teacher-led. A constructive suggestion was that the platform could be separated
into two courses: a teacher guidebook on ocean literacy in the classroom and a
separate course for home learners and/or distance education students.

Finally, there remains the challenge of including more Indigenous content
into all forms of Ocean Wise programming, whether delivered on-site, through
mobile programming, or via the online platform. This view was also recognized
by the senior Ocean Wise leadership team itself:

Nine months ago, we started a co-operation with the local Squamish communities
... we have very limited knowledge from indigenous perspectives in our exhibits. Yet
there is large opportunity for more integrated Indigenous knowledge. ... We need to
set tangible targets and hold ourselves accountable. (Administrator)

It is important to note here that the goal to include more Indigenous
knowledge in educational programming (and curriculum) is a priority for many
organizations at this time and is a challenge faced by the K-12 education
system across Canada. Universities and teacher education institutions too play
a key role in efforts to decolonize our educational practices and to include more
Indigenous knowledge and pedagogy in the education of K-12 students and
their teachers.

Conclusions

The ocean we rely on is beautiful, important, and inspiring. It faces clear threats
that we must mitigate. It is evident from our research that Ocean Wise is a
key player in the field of ocean literacy. It employs a multipronged approach
involving engagement, research, conservation, and education to promote these
concepts in B.C. and across Canada. While relationships among factors such as
conservation, education, and behaviour change are complex, we believe that
by increasing ocean literacy delivery across Canada, Ocean Wise programming
positively impacts students and communities with regard to their environmental
awareness by increasing their knowledge about ocean-related issues.

The breadth and depth of ocean literacy programming for teachers and
students that Ocean Wise provides is impressive. While our study describes
only a handful of Ocean Wise programming our case study gives rich examples
of the many currents of ocean literacy that are flowing in B.C. These provide
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opportunities for participants to nurture and improve their connection with,
understanding of, and appreciation for the ocean. By keeping a local focus
on explorations of the Salish Sea, Ocean Wise also plays an important role in
educating individuals to better understand the impact of the ocean on their lives
and their own influence on ocean environments. As Scully (2018) noted,

If the intention is to influence behavioural change and build a sense of
co-management, then it is essential to ensure that people understand the issue as it
relates to them, feel responsibility for it, and feel motivated to take action, and [...]
be capable of doing so. (p. 43)

As with any endeavour, there will still be challenges and limitations that
can be addressed in efforts to create a better experience for students, teachers,
and the general delivery of ocean literacy across Canada. We believe that future
research will be essential in promoting these efforts. One idea for future research
is to promote a more ecological view of programming—one that focuses on
the relationships among the different programs on offer rather than on just the
programs themselves. It was also interesting to note that even in this case study,
a number of participants experienced several different types of programming
offered by Ocean Wise and/or other organizations. It would be interesting to
explore how different programs reinforce or impede the intended program
outcomes. Finally, increased partnerships with schools and communities are
encouraged in order to foster more local and long-lasting experiences that could
result in stronger outcomes (or actions) with respect to maintaining a healthy
marine environment for all to enjoy.
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Including the Ocean in Formal K-12 Climate Education:

Assessment of a Lesson for Middle and High School Students

Jennifer Putland, Maia Hoeberechts, Monika Pelz, Lauren Hudson, Cody Tolmie & Mauricio
Carrasquilla-Henao, Learning & Community Engagement, Ocean Networks Canada

Abstract

Formal climate education without consideration of the ocean is incomplete. The
effectiveness of a new climate lesson for youth that includes the ocean—climate
nexus was examined by delivering the lesson to nine classes situated in separate
British Columbia, Canada public schools and assessing the students’ understanding
of basic climate concepts before and after the lesson. Among the youth assessed,
before-lesson understanding of basic climate science concepts was low. The
lesson led to significant improvements in the understanding of climate science; the
after-lesson level of understanding appears to be a function of age. The classes
with the lowest (29 %) and highest (73-79 %) after-lesson class averages were the
classes composed of the youngest and oldest students, respectively. The age-related
differences are considered with respect to the students’ cognitive developmental
stage, and suggestions are made to improve understanding among younger students.

Résumeé

Les cours portant sur le climat qui sont donnés dans le cadre du programme scolaire
sont incomplets s’ils n’integrent pas les enjeux océaniques. Le présent article
examine donc Uefficacité de la nouvelle éducation au climat qui tient compte de
la dynamique climat-océan. Le nouveau modeéle éducatif a été présenté dans neuf
classes de différentes écoles publiques de la Colombie-Britannique (Canada). Avant
et apres la lecon sur le climat, la compréhension qu’avaient les éléves des concepts
climatiques de base a été mesurée. Avant la lecon, le niveau de compréhension des
éleves était faible, mais s’améliorait beaucoup apres la lecon, en fonction de I'dge
des éléves. Les moyennes les plus faibles (29 %) étaient chez les plus jeunes, les
éleves plus vieux ayant obtenu les résultats les plus élevés (73-79 %). Les écarts
dus a 'age sont analysés en tenant compte du stade de développement cognitif des
enfants et des suggestions sont faites pour améliorer la compréhension des plus

jeunes éléeves.

Keywords: climate change education, assessment, cognitive development stage,

authentic data, hands-on activities, storytelling

Mots-clés : €éducation relative aux changements climatiques, €valuation, stade de
développement cognitif, données authentiques, activités pratiques, apprentissage
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Introduction

A special report by the Intergovernmental Panel on Climate Change (IPCC),
the United Nations body for assessing the science related to climate change,
asserts that global warming of 2°C above pre-industrial temperatures will lead
to greater impacts than if global warming is restricted to 1.5°C above pre-
industrial temperatures (IPCC, 2018). To restrict warming to a maximum of
1.5°C above pre-industrial temperatures will require global net anthropogenic
CO, emissions to decline by about 45% from 2010 levels by 2030, reaching net
zero around 2050 (IPCC, 2018). To achieve these emission reductions will require
“rapid and far-reaching transitions in energy, land, urban and infrastructure
(including transport and buildings), and industrial systems” (IPCC, 2018, p.15).
The IPCC fifth assessment report also indicates that adequate mitigation, that
is, actions intended to reduce anthropogenic emissions of greenhouse gases
(GHGs), poses “substantial technological, economic, social and institutional
challenges, which increase with delays in additional mitigation” (IPCC, 2014,
p. 20). Furthermore, the IPCC (2014) states that “delaying additional mitigation
increases mitigation costs in the medium to long term” (p. 24). Moreovet,
if there are considerable delays in additional mitigation, then constraining
warming to 2°C over pre-industrial temperatures will not be possible over
the 21st century (IPCC, 2014). Ambitious mitigation plans not only require
citizen endorsement so that governments have the political space to make the
required changes (Lee et al., 2015; Watkins, 2007), but also require citizens
in industrialized nations to actively reduce their personal GHG emissions
(Anderson, 2010). Indeed, as indicated in Canada’s mid-century long-term
low-greenhouse gas development strategy (Environment and Climate Change
Canada, 2016), reducing GHG emissions will require “substantial effort on the
part of all Canadians” (p. 3).

Improving knowledge of climate change through formal education is an
important step toward acquiring citizen endorsement of government mitigation
programs and reducing individual GHG emissions (Anderson, 2010; Brownlee et
al., 2013; Busch et al., 2019; Lee et al., 2015; Shi et al., 2016; Trott, 2019). There
is ample evidence that students, teachers, and the public do not have adequate
knowledge of the basic science of climate change (Bofferding & Kloser, 2015;
Duffy et al., 2019; Hestness et al., 2014). If citizens are to reduce their personal
GHG emissions, they need to understand foundational concepts of climate
change and its complex causality chains (Lehnert et al., 2019) to make effective
choices that impact the climate system (Bofferding & Kloser, 2015; Karpudewan
et al., 2015). Indeed, due to the complex interplay between factors such as
ideology, social norms, efficacy, hope, concern, and certainty, knowledge alone
may not be sufficient to significantly improve personal mitigation (Busch et al.,
2019; Hoffman, 2011; Tolppanen et al., 2020). It can, however, enable informed
decisions (Anderson, 2010; Bofferding & Kloser, 2015; Busch et al., 2019;
Tolppanen et al., 2020).
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Formal climate change education is also important as it can offset the
negative influence of ideology and worldview on climate change opinion
(Busch et al., 2019; Guy et al., 2014). Without formal climate change education,
misinformation and misconceptions can fill the void, leaving citizens misinformed
and prone to biased assimilation or confirmation bias (Brownlee et al., 2013;
Fortner, 2001; Hestness et al., 2014; McBean & Hengeveld, 2000). Finally, there
is a moral imperative to educate youth on climate change. This education may
facilitate societal transformation as youth can be effective knowledge bearers
and powerful agents of change (Anderson, 2010; Bond et al., 2021; Lawson et
al., 2018; Trott, 2019; Trott & Weinberg, 2020).

Formal Climate Change Education in Canada

Formal climate change education within K-12 curricula exists in Canada,
but it does not consistently reflect either current scientific understanding or
jurisdictional (province and territory) climate policies. While all jurisdictional
climate policies focus on the need for education to contribute to addressing
climate change, there is a comparative lack of attention given to climate change in
education policy across jurisdictions (Bieler et al., 2018). This deficiency in formal
climate change education may be attributed to a lack of coordination between
climate and education policymakers (Bieler et al., 2018). Another possible reason
for this shortcoming may be that jurisdictional K-12 curricula are guided by the
Pan Canadian Science Curriculum (PCSC), in which inclusion of climate change
education is very limited (Council of Ministers of Education Canada [CMEC],
1997). In 2009, UNESCO issued a supplementary policy statement stressing
climate change education must be included in all education systems “if the
necessary changes in society are to be effected in time” and subsuming climate
change education under education for sustainable development (Nazir et al.,
2011, p. 365). In Canada, climate change education occurs within environment
and sustainable development courses (Bieler et al., 2018)—courses that are
typically electives. There is variability in mandatory climate change education
across jurisdictions (Bieler et al., 2018; Wynes & Nicholas, 2019), and erroneous
information exists in some curriculum documents and textbooks (Wynes &
Nicholas, 2019).

A recent national survey was conducted to understand levels of knowledge
and perceptions of climate change among public, parents, youth, and educators
in Canada (Field et al., 2019). The survey found that formal educators are the
primary source of climate change education for youth; among those teaching
climate change education, each dedicates only 1-10 hours to climate change
education per year. A significant portion of the educators do not have a solid
understanding of climate change and acknowledge they do not feel prepared
to teach the subject. Thus, it is not surprising that 43 % of Canadians (general
public) surveyed failed a climate change knowledge test. Nevertheless, most
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Canadians (general public) are concerned about climate change, support more
climate change education for Canadian youth, and believe that climate change
education should be an educational priority.

Inclusion of the Ocean-Climate Nexus

Within the PCSC there is no mention of the ocean-climate nexus; yet, without
consideration of the ocean, climate change education is incomplete. By absorbing
a significant portion of carbon dioxide emissions (39 % , depending on atmospheric
carbon dioxide concentrations) (McKinley et al., 2020) and 90 % of heat generated
from GHG emissions (IPCC, 2007), the ocean buffers the Earth from extreme
heating. The ocean also provides a host of ecosystem services (e.g., water, oxygen,
food, medicines, minerals) that support the health and socio-economic well-being
of society (Lemmen et al., 2016; Glithero, 2020) and are a critical source of food,
culture, and spiritual support to Inuit and First Nations (Lemmen et al., 2016).
If it were a country, the annual gross marine product places the ocean as the
world’s seventh largest economy, with at least two-thirds relying on a healthy
ocean (Hoegh-Guldberg, 2015). Despite its vastness, the ocean is being degraded
by multiple stressors, and human-caused climate change is a dominant stressor
(United Nations [UN], 2017). Climate change is impacting the ability of the ocean
to provide the services/conditions that humans and other life require (UN, 2017).

Opportunities, however, do exist for the ocean to contribute to achieving
temperature stabilization goals (Hoegh-Gulderg et al., 2019), which also represent
future career opportunities for Canadian youth. In Canada, British Columbia
(B.C.) is considered a leader in climate policy (Bieler et al., 2018) and is also
significantly dependent on its adjacent marine environment. Yet, within the B.C.
K-12 curriculum, the ocean environment is only a significant component of
climate change education for Earth Science 11, Environmental Science 12, and
Physical Geography 12, and is not included in the mandatory courses containing
climate change education (Science 7 and 9, Social Studies 10). Not surprisingly,
a recent survey found that only ~10% of Canadians surveyed consider ocean
warming and climate change to be a significant threat to the ocean (Glithero,
2020). The ocean-climate nexus is a fundamental component of climate change
science, and its inclusion in formal climate change education would contribute
to Canada’s ocean literacy (an understanding of ocean’s influence on us, and
our influence on the ocean) initiatives within the United Nations (UN) Decade
of Ocean Science for Sustainable Development (2021-2030). Indeed, many
aspects of Canadian ocean literacy (e.g., importance of science, economics,
communication, informed decisions, behavioural change, interdisciplinary
learning, inclusion of Indigenous perspectives and knowledge, social justice)
(Stewart, 2019) overlap with climate literacy.

Teaching climate change can be challenging for teachers. There can be a
reluctance to teach that which is deemed controversial among peers/parents/
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administrators (Field et al., 2019; Hestness et al., 2014; Monroe et al., 2019).
Teachers also feel they lack the time and skills to adequately deliver climate
change education instruction, address controversies (Hestness et al., 2014;
Lehnert et al., 2019; Monroe et al., 2019; Tolppanen et al., 2020), and regulate
and/or respond to student emotions resulting from climate change education
(Ojala, 2016). Most Canadian teachers indicate that they require resources (e.g.,
lesson plans) and more professional development to teach climate change
education (Field et al., 2019). Including the ocean~-climate nexus within formal
climate change education can be challenging for many teachers because,
unfortunately, many Canadian teachers do not have the capacity (e.g., time,
resources, educational background) to incorporate ocean education into their
mandated curriculum (McPherson et al., 2020).

An Ocean-Climate Science Lesson

Given the role that education can play in improving climate change mitigation,
the importance of educating youth specifically, the lack of understanding among
Canadians regarding the ocean-climate nexus, and the need among teachers
for a climate change education resource that includes the ocean, the Learning
& Community Engagement department at Ocean Networks Canada (of whom
the authors are a part)! created a climate science lesson for middle school (MS,
Grades 6-8) and high school (HS, Grades 9-12) students (www.oceannetworks.
ca). This lesson is freely available (contact: learning@oceannetworks.ca) and
examines causes of climate change and impacts of climate change on the
ocean with hands-on activities, authentic data from Ocean Networks Canada
(ONC) observatories, and Inuit Traditional Ecological Knowledge (TEK). As
well, the lesson encourages students to think of and act on solutions to climate
change. We used hands-on activities to mean, “students are actively engaged in
manipulating materials,” to facilitate the development of knowledge, skills, and
attitudes - major dimensions of learning in science (Flick, 1993, p. 2), and an
interest in the subject (Holstermann et al. 2010). We used data in various forms
(video, camera, acoustic, and scalar) to engage students, teach ocean concepts,
and to facilitate the development of analytical and problem-solving skills
(Greengrove et al., 2020). By Inuit TEK, we refer to knowledge of climate change
that Inuit have established over millennia through their ongoing observations
and close relationship with the natural environment for survival, sustenance,
travel, and cultural practice.

The lesson addresses the need for improved education on climate science,
a target objective of the United Nation Sustainable Development Goal (SDG)
13 “Climate Action,” which includes the following specific objectives: improve
education, awareness raising and human and institutional capacity on climate
change mitigation, adaptation, impact reduction and early warning (UN, 2015).
The lesson also addresses SDG 14 “Life Below Water,” which outlines the following
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specific objectives: the learner knows the basic premise of climate change and
the role of the oceans in moderating our climate; the impact humanity is having
on the oceans (UN, 2015). Our objective was to create a lesson that improves
understanding of basic climate and ocean-climate facts. We repeated the lesson
with nine classes (four middle school and five high school) situated in separate
B.C. public schools and, with a simple written quiz, we evaluated student
understanding immediately before and after the lesson.

Instructional Method

While there are many effective instructional models, for our lesson we chose
the 7E instructional model, an adaptation of the 5E instructional model wherein
students build understanding through a 5-stage learning sequence (Engage,
Explore, Explain, Elaborate, and Evaluate). Developed in the 1980s, the 5E
instructional model is grounded in constructivist theory and is widely used
because of its effectiveness in improving student understanding (Bybee et al.,
2006; Karpudewan et al., 2015). The B.C. curriculum requires that teachers
incorporate Indigenous perspectives and knowledge where possible, and this
knowledge creates a more holistic understanding of complex concepts. The
First Nations Education Steering Committee, a policy and advocacy organization
representing First Nations in B.C., proposed the 7E instructional model wherein
Elder and Environment are added to the 5E model so as to facilitate the
incorporation of Indigenous knowledge (Bernabei et al., 2019). The following
subsections outline our specific pedagogical approach within the 7E instructional
model (Engage, Explore, Explain, Elaborate, Elder and Environment, Evaluate),
and includes an additional section entitled “Lesson Conclusion.”

Engage

Stories and entertainment are effective means through which to engage learners
and build their trust (Brownlee et al., 201 3; Flora, et al., 2014). Thus, as part of our
introduction to Ocean Networks Canada, we used the freely available data from
Oceans 2.0 (ONC’s data management system at https://data.oceannetworks.
ca) in an entertaining personal story format to pique student interest in the
ocean and convey the message that scientific data are integral to making
informed decisions with respect to ocean management, disaster mitigation, and
environmental protection. For example, in one instance, we shared a humorous
personal story of a hagfish and then played an excerpt of a video (https://youtu.
be/nzMB8jqioV0?t = 78), which we muted, to engage the students in the initial
stages of the scientific process: What do you think is going on here? Who are
these animals? What happened and how could that have happened? What depth
is this, and what might be the scientific implications of this discovery? We also
played the full video (https://youtu.be/nzMB8jqioV0) to emphasize that scientists
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don’t know everything and new discoveries are continually being made not only
by scientists but also by citizens and students.

Explore

Effective educational strategies allow for an exploration of how the lesson topic
is of personal relevance to students (Hestness et al., 2014; Monroe et al., 2019).
Thus, as an introduction to the Explore phase, students had the opportunity to
discuss their understanding of climate change and its relevance to them. This
was done as a class, but it could also be done in smaller student groups. This was
followed by a short (~ 10 minute) teacher-led presentation on climate change
and warming in the ocean. The students were prompted with the question,
“How does warming impact the ocean?” Educational programs that have
engaging hands-on activities, are learner-centred (i.e., learners create their own
understanding), collaborative, and follow the scientific process lead to improved
learning (Holstermann et al., 2010; Lehnert et al., 2019; Monroe et al., 2019).
Thus, to explore answers to the driving question, “How does warming impact the
ocean?”, students gathered into small groups and visited three activity stations,
rotating between stations every 15-20 minutes. At each station, students were
provided with a background summary on a scientific concept (gas solubility,
ocean acidification, and Arctic sea ice). They worked together to formulate a
hypothesis that the activity addressed and conduct the activity by following
procedures. At the conclusion of the activity, students were asked if the results
supported their hypothesis. If the results did not, then they had an opportunity
to revise their hypothesis. They then tested their hypotheses, with authentic
ocean data, in the Elaborate phase of the lesson. Given time constraints, at
each station there was one teacher or facilitator available to help students. For
logistical reasons, the ocean acidification activity was done at the same time as
the activities related to impacts from warming. This was explained at the start
of the hands-on activities.

Explain

Allowing students the time to explain their learning can give them a better
understanding of climate science, particularly if there are deliberate discussions
that challenge them to explain their understanding (Monroe et al., 2019). Thus,
the class convened after the station-based activities, at which time the teacher
prompted students to explain their observations. Below is an example of a
discussion regarding the gas solubility activity,

Teacher: What happened to gas solubility when the water temperature increased?
Students: Silence.

Teacher: What was within the bubbles?

Students: Carbon dioxide.
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Teacher: What happened to the bubbles in the pop as temperature increased?
Students: Bubbling increased (at first).

Teacher: Where did those bubbles of carbon dioxide go?

Students: Burst at surface.

Teacher: Where did the carbon dioxide go then?

Students: Air.

Teacher: So, does warm water hold more or less carbon dioxide?

Students: Less.

Following this discussion portion of the lesson, students learned that
although this activity focused on carbon dioxide gas, other gases (e.g., oxygen)
behave similarly. In other words, as water temperature increases, it holds less
oxygen gas. This type of discussion occurred for each of the activities. After
this discussion, the students received a short (~ 15 minute) teacher-led pre-
sentation that gave teachers the opportunity to augment student explanations.
Where appropriate, figures of authentic data were included in the presentation
(e.g., sea ice data from the Arctic, atmospheric carbon dioxide concentrations,
pH of seawater with respect to time). We used authentic data for several rea-
sons. First, students gain experience (with some scaffolding) in describing,
analyzing, and interpreting data—important skills for facilitating their inde-
pendent interpretation of data (Greengrove et al., 2020). Second, interpreting
data improves understanding of concepts (Greengrove et al., 2020; Monroe et
al., 2019), which helps students to communicate more confidently and com-
petently on the topic of climate science (Gold et al., 2015; Sloane & Wiles,
2020) and counter skeptical claims (Monroe et al., 2019). Third, research indi-
cates that an understanding of the root causes of climate change leads to
better choices regarding mitigation (Bowers et al., 2016). Finally, an examina-
tion of data over long time periods allows for the patterns of climate change
to be more easily ascertained. This overcomes the problem of humans having
difficulty noticing the impacts of climate change over their personal lifetime
(Brownlee et al., 2013; Fortner, 2001).

Elaborate

To improve and extend student understanding of climate concepts and test
their hypotheses developed during the Explore phase, students were presented
with ocean data from different Ocean Networks Canada coastal observatories.
For example, to test their hypothesis developed at the gas solubility station
(e.g., As temperature increases/or decreases, the solubility and availability of
oxygen declines/or increases), the students were presented with data on ocean
temperature and oxygen concentration from a coastal B.C. observatory.
Likewise, to test their hypothesis developed at the Arctic sea ice station (e.g.,
Increases in global temperatures have dramatic effects on sea ice and the ecosystem
and communities that depend upon the sea ice), the students were presented
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with data on sea ice dynamics and temperature from a coastal Arctic station in
Cambridge Bay, Nunavut, Canada. With enough time and teacher scaffolding,
the students determined how to test their hypotheses with the data. For
example, students plotted oxygen concentration with respect to temperature
and found that it supported the hypothesis that as temperature increases, the
availability of oxygen declines. However, analysis of the eight-year data set on
sea ice dynamics and temperature from Cambridge Bay did not support their
hypothesis regarding the impact of temperature on sea ice. This data set, given
its relatively short duration, showed more influence of inter-annual variability
than a discernible long-term trend. This provided an ideal opportunity to discuss
the value of long-term data sets and explain that Inuit TEK represents a unique
long-term data set of Inuit observations of sea ice.

Elder and Environment

Inuit are strongly connected to their local environment and have maintained a
collective memory of nature via their shared oral histories and cultural stories
that have passed through generations since time immemorial (Brownlee et
al., 2013). Inuit knowledge of climate change represents the longest human
record of observations in the Canadian Arctic and is an invaluable source of
information on change, adaptation, mitigation, and survival (Gérin-Lajoie et al.,
2016). With respect to sea ice, this detailed knowledge is essential to supporting
today’s transportation, hunting, recreation and cultural activities, in addition
to informing long-term understanding of how climate change is affecting the
Arctic Ocean environment. During a project to understand changing sea-ice
in the region (Polar Knowledge Canada funded study, M. Hoeberechts et al.)
Inuit knowledge holders from three communities (Kugluktuk, Cambridge Bay,
and Gjoa Haven) in the Kitikmeot Region, Nunavut shared their observations
of changes in the sea ice and how these changes are impacting their way of
life. These observations were presented to the students. Through this aspect
of the lesson, students were introduced to the idea that scientific data can
be complemented by other sources of knowledge, which adds richness to
the understanding of complex phenomena and addresses a key curricular
competency in the B.C. Curriculum (to apply First Peoples perspectives and
knowledge as other ways of knowing and sources of information). This TEK
helped students evaluate hypotheses they formulated during the Arctic sea
ice hands-on activity. For southern students, who may not yet perceive the
extent of climate change impacts on their daily lives, the observations shared
by Nunavummiut can appeal to their altruistic value systems as they are
exposed to people and communities currently experiencing disproportionate
impacts of climate change. Sharing these realities can have the further effect
of facilitating pro-environmental behaviour, such as mitigation (Busch et al.,
2019; Monroe et al., 2019).
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Lesson Conclusion

Education on climate change is intended to improve knowledge of climate change
and motivate students to reduce their GHG emissions. It is not intended to leave
students in a state of despair (Duffy et al., 2019; Kelsey & Armstrong, 2012).
With this in mind, the final phase of the lesson was devoted to a student-led
discussion with the aim of empowering them to build on their knowledge and
propose effective and immediate personal actions to reduce GHG emissions in
their local community.

Because we were visitors in their classroom, we did not have the time to
fully develop this discussion with the students. However, we encouraged the
teacher and students to continue the discussion as this phase of the lesson has
several theoretical benefits. First, it allows students to express their emotions
regarding climate change and action; such expression is an important first step
toward addressing environmental problems (Barrows, 1998). Having students
express their emotions within the classroom is also beneficial as educators can
respect and/or validate their emotions which, in turn, improves overall learning
and action (Ojala, 2016). For example, a common frustration students express is
that their individual actions are insignificant compared to the magnitude of the
problem (Kenis & Mathijs, 2012). As educators, we can validate this frustration;
however, we can also model how we cope with this frustration. In the case of
the lesson outlined above, we discussed the responsibilities of citizenship in a
global society (Westheimer, 2015) as well as “bright spots” (Duffy et al., 2019) in
human history where collective action solved or alleviated problems.

Second, giving students autonomy to critique their local community and
envision a better future can convey the message that their ideas are valuable
(Haynes & Tanner, 2015; Kenis & Mathijs, 2012; Woolfolk et al., 2009). This
can boost their self-determination and motivation, and it can empower them
to create change/be the change they want to see (Kelsey & Armstrong, 2012;
Kenis & Mathijs, 2012; Ojala, 2016; Trott, 2019; Woolfolk et al., 2009). It can
also shed light on the complexities of climate mitigation (e.g., ethical, economic,
sociological, political) and the need for focusing our efforts here rather than
debunking accepted climate science (Busch et al., 2019). Finally, it allows for
an informal assessment of their understanding of the foundational concepts of
climate change: If their understanding were complete, then they would make
effective choices that impact the climate system (Bofferding & Kloser, 2015;
Karpudewan et al., 2015) and be considered climate literate (Duffy et al., 2019).

Evaluation

The primary goal of the lesson was to improve understanding of some key
climate and ocean~-climate facts. Prior to the lesson, we gave the students a
quiz, which we then repeated with them after the lesson. We used a quiz as
this is a format with which students are familiar. Students provided their written
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answers to seven questions on basic climate and ocean-climate science (Table
1). The quiz, as given to students, is provided in Appendix A. Written answers
were graded (i.e., assigned a mark) using the answer key (Table 1). The before-
lesson and after-lesson grades for each class were the basis of our analysis of the
lesson’s effectiveness (i.e., its ability to improve understanding of basic climate
and ocean-climate facts). An example of the data (grades) from one classroom
is provided in the Appendix B. With the exception of two instances, all students
provided written answers to the questions. In one instance, the teacher forgot
to provide the students with a question. In the other instance, there was an
undetected typographical error in one question which made the question difficult
to interpret; for this instance, answers were not included in our analysis. For
each class, paired t-tests and a significance level of 5% were used to determine
if before and after grades were significantly different (Zar, 1984). An example of
the results of a paired t-test for one classroom is provided in Appendix C.

Question

Answer Key (total possible mark)

1. What is the definition of a
greenhouse gas?

2. The most important man-made

greenhouse gas is considered to be:

3. What two human activities lead to
carbon dioxide increasing in the
atmosphere?

4. In Canada, what are the main
sources of carbon dioxide
emissions?

5. List two impacts of warming on
the ocean

6. What causes ocean acidification?

7. What does ocean acidification do

to marine biota with calcium
carbonate shells?

A gas that absorbs and emits infrared radiation (1)

Carbon dioxide (1)

Deforestation and burning fossil fuels (2)

Transportation and stationary combustion
(manufacturing, residential, commercial/
institutional,oil and gas production, refineries) (2)

Reduced oxygen, sea ice melting (other answers
are possible e.g. habitat range changes, coral reef
die-offs, food web changes, sea-level rise) (2)

Carbon dioxide gas reacting with seawater (1)

Makes it harder for them to make their shells;
dissolves their shells (1)

Note. These questions were provided before and after the lesson. Students accessed the information
for questions 1-4 and 5-7 through the presentation and hands-on activities, respectively.

Table 1 Quiz Questions (And Answer Key) Used to Evaluation Understanding
of Some Basic Climate and Ocean-Climate Science Facts.
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Results and Discussion

Middle school (MS) and High school (HS) students’ before-lesson understanding
of basic concepts and information regarding climate science was low (Fig. 1).
If 50% is considered a passing grade, then the before-lesson class averages
indicate that all classes but one had a failing grade. Questions 1 to 4 were
selected as basic climate change science knowledge that would be expected
in any course covering climate science in Canada. Questions 5 to 7 pertain
specifically to the ocean and are not found in mandatory courses of the
B.C. curriculum,; therefore, the content is less likely to have been taught by
teachers prior to our lesson. However, before-lesson averages for questions 5
to 7 were similar to before-lesson averages for questions 1 to 4 (Fig. 2). The
low (i.e., <50%) before-lesson average grades among the MS (Grades 6-8)
students were not surprising. Within the B.C. K-8 curriculum, Science 7 is
the only mandatory course that specifically includes climate science. Prior to
our lesson, MS1 (composed of Grade 6 and 7 students) had not yet received
formal instruction in climate science, and this would explain their low level
of before-lesson understanding. Typically, students with more science classes
have more knowledge of climate science (Busch et al., 2019). The other MS

100
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Note. Dashed line denotes an average grade of 50 % . MS1-4 are middle school classes (MS1—
Grade 6/7, MS2—Grade7, MS3,4—Grade 8). HS1-5 are high school classes (HS1,2,3—Grade 10,
HS4,5—Grade 12). For each class, the sample size (n = number of students in class) is denoted
and whether before-lesson and after-lesson marks were significantly different (paired t-tests: ns
and * refer to not significantly and significantly different, respectively).

Figure 1. Class Average Marks (+ S.E.) for Each Class Before
and After the Climate Lesson
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classes (Grades 7 and 8) had received formal climate science education once
previously (MS2 just prior to our lesson, and MS3,4 the year before) which
may explain their higher before-lesson average grades (compared to MS1).1It
is surprising that the HS students had low before-lesson average grades as
they certainly had received more science education than the MS students.
Identifying reasons for low before-lesson understanding among HS students
was beyond the scope of this study but does warrant further investigation as
it suggests that HS students may graduate with an inadequate understanding
of basic concepts regarding climate change science. Certainly, recent data
showing that a large portion of the general Canadian public do not understand
climate change support this conclusion (Field et al., 2019).

100
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Note. For each question, the sample size (n = total number of students) is denoted and whether
before-lesson and after-lesson marks were significantly different (paired t-tests: ns and * refer to not
significantly and significantly different, respectively).

Figure 2. Average Marks (+ S.E.) for Each Question, Before and After the
Climate Lesson, for Middle School (MS) and High School (HS) Students
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With the exception of one class, the climate lesson led to significant
improvements in the understanding of climate change science (Fig. 1). Among
the students assessed, the level of understanding after the lesson was age-
related (Fig. 3). The classes with the lowest (29%) and highest (73-79 %)
after-lesson class averages were the classes composed of the youngest (MS1—
Grades 6 and 7) and oldest students (HS4,5—Grade 12), respectively. All the
other classes, composed of Grades 7, 8, and 10 students, developed a level of
understanding that was between these extremes (Fig. 2, 3).

One possible explanation for the age-related difference in improvement in
understanding is that some of the fundamental concepts of climate change are
abstract, and the cognitive developmental stage of younger students prevents
these students from fully understanding climate concepts (Fortner, 2001;
Strickhouser et al., 2017). Examining the data by question indicates that the
MS students didn’t develop the level of understanding that the HS students
developed because they didn’t do as well on questions 1, 3, and 4 (Fig. 2). This
is likely because the information necessary for accurately answering questions
1, 3, and 4 wasn’t made available in a manner fitting for the MS students’
cognitive developmental stage. The information for questions 1, 3, and 4 was
available from presentations slides (note that although information for question
2 was also available from presentation slides, it is likely that MS students
attained a high level of understanding for question 2 because they had a good
understanding of the question before the lesson). In contrast to the hands-on
activities, where learning occurs through tangible interaction with materials,
learning from presentation slides requires more abstract thinking. Research on
cognitive development indicates that children (McMahan & Thompson, 2015),
beginning at 11-12 years old, are developing an abstract system of logic to
understand the world. However, whether they use this system effectively
depends on various factors, such as time provided for solving the problem
and the content of a problem. Problems that are not personally relevant or do
not align with children’s own thinking are less likely to be processed correctly.
Overall mental ability increases with age; adolescents have a more developed
abstract system of logic, faster processing speeds, better working memory and
fluid intelligence, and better divided and selective attention.

Following research on cognitive development (McMahan & Thompson,
2015), MS student understanding of questions 1, 3, and 4 would improve if
they were given more time to process the information on these slides, if the
information on the slides was made more personally relevant, and if time was
allotted to discussing information with respect to their prior thinking. Dynamic
visualizations might also help to improve understanding of abstract climate
science concepts (Hestness et al., 2014). Nevertheless, the results indicate that
the lesson led to significant gains in the understanding of climate change science
among MS and HS students, and higher after-lesson levels of understanding of
climate science among HS students.
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Figure 3. Class Average Marks (+ S.E.) After the Climate Lesson

From the outset, we designed the lesson so that teachers could readily use
it in their classroom, and so that students could increase their understanding of
climate science in order to propose effective and immediate personal actions to
reduce GHG emissions in their local community. Based on a variety of anecdotes
and feedback, the teachers found the lesson useful. During the final phase of
the lesson, we had enough time for a short student-led discussion. In general,
the students proposed effective and immediate personal actions to reduce GHG
emissions in their local community. For example, solutions by this group of
students (https://youtu.be/8d3InEEBoco) are representative of the solutions
proposed by MS and HS students. Given that youth have the capacity to inform
decision making, communicate risks, and facilitate action (Haynes & Tanner
2015; Lawson et al., 2018), we encouraged classroom teachers to provide more
time and space for students to develop their ideas and create climate action
projects in their local community. Locally relevant climate action projects
have many advantages. For example, they can create a sense of agency in
students, which can in turn sustain students’ interest and inspire their active
participation (Trott, 2019). They can also lead to higher order thinking (vis-
a-vis Bloom’s taxonomy), and they can contribute to environmental citizenship
and a “We can fix it” focus (Wynes & Nicholas, 2019, p. 14). In the process,
students exercise attitudes articulated in the PCSC (e.g., work collaboratively
in carrying out investigations as well as in generating and evaluating ideas; be
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sensitive to and responsible about maintaining a balance between the needs of
humans and a sustainable environment; become aware of the consequences
of their actions; appreciate the role and contribution of science and technology
in our understanding of the world). With respect to the B.C. curriculum,
students can exercise competencies such as: a) considering the social, ethical,
and environmental implications of the findings from their own and others’
investigations; and b) contributing to care for self, others, community, and
world through personal or collaborative approaches.

While the lesson examined in this study improved understanding of climate
change and the ocean-climate nexus among MS and HS students assessed,
it is important to acknowledge the limitations of this study. For example, the
sample size was small and non-randomized (i.e., we were contacted by teachers
interested in receiving our climate lesson). Thus, the students in this study were
not representative of students in B.C. or in Canada. The study also used the
same quiz for evaluating improvement in understanding. A potential limitation
of this assessment strategy is that it may have led to before-evaluation learning.
Moreover, the wording of questions may have posed difficulty for some students.
While the study did assess improvement in understanding, there was no
evaluation of the longer-term retention of this understanding. A more detailed
assessment study would address the limitations of the present study.

Conclusion

As stated by the United Nations, “climate change is the defining issue of our
time, and we are at a defining moment” (UN, 2018). At present, Canadians do
not have a complete understanding of climate change (Field et al., 2019) and
yet this understanding is needed to acquire citizen endorsement of government
mitigation programs and to reduce individual GHG emissions. Formal education
is key to advancing this understanding. As Canadian provinces and territories
revise their K-12 curriculum documents, climate change education (that
includes the ocean) must be a priority. Given that curriculum documents are
typically revised approximately every 15 years (Wynes & Nicholas, 2019), and
that carbon dioxide emissions must be reduced by 45% (of 2010 levels) in
the next nine years, curriculum revisions for climate change education must
be expedited. Teachers face challenges with regard to teaching climate change
science in general and the climate-ocean nexus in particular. They would not
only benefit from professional development on climate change education but also
from researched, tested, and effective classroom-ready resources on this critical
issue. Ideally, this research would bring together educators, research scientists,
and education and climate policy makers, and it would incorporate resources
and lessons learned from the diversity of non-governmental organizations and
informal educators across the country. Such educational resources would vastly
improve climate change education teaching capacity across Canada at a critical
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time and would contribute to Canada’s ocean literacy initiatives within the UN
Decade of Ocean Science for Sustainable Development.
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Footnotes

I Ocean Networks Canada is an initiative of the University of Victoria that
uses cabled observatories, remote control systems, interactive sensors, and
big data management to monitor the geological, physical, chemical, and
biological oceanography of the west and east coasts of Canada and the Arctic.
The data are used for scientific research to help communities, governments,
and industry make informed decisions on ocean management, disaster
mitigation, and environmental protection and are also available to anyone
interested in the ocean.
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Evaluation

What is your current knowledge of greenhouse gases and impacts of warming and carbon
dioxide on the ocean? Please answer the questions below to the best of your ability. Do not use
electronic devices or textbooks to find answers. Answer questions on your own.

Student Name:

1. What is the definition of a greenhouse gas?

2 The most important man-made greenhouse gas is considered to be:

il What two human activities lead to carbon dioxide increasing in the atmosphere?
4, In Canada, what are the main sources of carbon dioxide emissions?

5. List two impacts of warming on the ocean:

6. What causes ocean acidification?

7. What does ocean acidification do to marine biota with calcium carbonate shells?

Appendix A. Quiz, to assess basic knowledge, given to students.
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Class Class
Total % Awg (%) Total % Horg (%)
St Mark Grade Before Mark Grade Afer
No. @1(b) @1(a) Q2(b) G2(a) O3(b) @3(a) O4(b) C4(a) O5b) Q5(a) OB) QB(a) Q7R) OF(a) Before Before (+sd) Afer Aer (4 sd)
1 0 1] 1 i i 2 L] 2 1] i i a o 1 3 30 34 7 T 50
2 (1] 0 o 0 0 1 [1] 2 0 o o o o o 0 [} F~) 3 wn 24
3 0 4] 1 i i 2 1] 2 1] a o 1] o 1 2 20 8 &
4 1 1} o 1 1 1 [} 1 L} a o o 1 1 3 0 4 40
5 i 1 1 1 1 i 1 2 1 15 05 1 1 1 6.5 65 a5 B5
[ [ 0 1 1 0 1 0 1 0 0 0 1 o 1 1 10 s 80
] 0 0 o 1 0 o 0 0o 2 0 05 [ 0 o0 25 25 110
8 0 1 1 1 1 1 0 1 0 1 1 1 1 1 4 ] 7 m
9 (] [ ] 1 0 1 0 1 [ ] 0 1 0o 1 [ [ 5 =
10 L] o o 1 2 2 1 2 1] o o o 1 1 4 40 8 o
n 1 [ 1 1 1 2 2 2 1 1 o 1 1 1 7 0 8 8
12 0 0 1 1 1 1 2 1 0 1 0 1 10 5 50 5 =
13 05 o 1 i 1 i 2 2 i 1 o a 1 i 65 65 8 &
14 0 4] 1 1 1 1 1] 2 1 a o 1 o 1 3 30 L] @
15 1 1] 1 i 1 i 0 o 1] a o 1 1 1 4 &0 4 40

Appendix B. Example data from classroom MS4. This classroom
had a total of 15 students. Each student was assigned a number
(St. No.). Students were given the same quiz before and after
the lesson. See Table 1 for questions, and total possible marks
per question. Grades are listed by question (Q). Grades earned
before and after the lesson denoted as “b” and “a”, respectively.
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Descriptive Statistics
Sample N Mean StDev SE Mean
% Grade Before 15 34.33 22.03 5.69
% Grade After 15 50,33 23,79 6.14
% % Estimation for Paired Difference
St. Grade Grade
No. Before After a5% ¢l for
1 30 70 Mean StDov SE Mean  p_differance
2 0 30
3 20 60 -16.00 24,80 640  (-29.73.-227)
4 30 40 Ji_ i moan of (C2 - C3)
5 65 85
6 10 50
7 25 1 0 Tﬂst
8 40 70
9 0 50 Null hypothesis He: p_difference = 0
10 40 0
1 70 80 Alternative hypothesis H,: y_difference 2 0
12 50 50
13 65 60
14 30 60
15 40 40 T-Value P-Value
-2.50 0.026

Appendix C. Example paired t-test results for classroom MS4.
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What Do Ranchers and Heavy-Duty Mechanics Say to the
Ocean?

Karen Tamminga-Paton, Crowsnest Pass, Alberta

[ live in the mountainous landscape of southwestern Alberta, about as far from
the sea as one can be. What do ranchers, heavy-duty mechanics, teachers,
and secretaries from this part of Canada say to the ocean? How do we see
Canada’s extensive coastal waters in relation to our wheat fields and coalmines?
Admittedly, the inquiry became personal; I had not considered Canada as an
ocean nation.
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In my hopes to engage all kinds of individuals in conversations about their
relationship with the ocean, I painted a three-part piece that was intentionally
large and visually accessible for us inlanders: a single humpback whale to
represent Ocean; a grouping of hands representative of Humanity; and three
strips of overlapping canvas for the conversation between the two. The intent
was to invite community members to write their imagined dialogue onto these
strips. Prior to the global pandemic, arrangements had been made at Calgary’s
new Central Library, a cafe in Lethbridge, a rural K-12 school, and several
smaller local gatherings with the hopes of accessing and interacting with a
broad demographic. I ran pilot “test runs” at a coffee shop, a seniors’ complex,
and a fellow artist’s studio. But social restrictions took place the day a group of
enthusiastic kindergarteners visited my studio to “talk to the whale,” and the
day before I was to head into Calgary; as the pandemic spread across the globe,
my access to Alberta’s free-ranging populous was suddenly cut off.

Social media became my new platform to gather contributions. Invitations
to contribute through personal emails, Instagram, and Facebook were open
to anyone from the three prairie provinces. I noticed a marked difference in
comments from all three social media platforms. Now, individuals had time to
think about what they wanted to say. Some pondered the question for weeks,
had conversations together, played with ideas, and gathered quotes. Original
poetry and songs were created. Entire families got involved. Individuals within
their circle were invited to participate. Everything that was sent to me was
transcribed onto the canvas strips with permanent coloured markers. Each
contributor received a photo of their comment so they could visualize their
words amongst the others. An unexpected outcome was the cohesive nature of
the writing. As the lone scribe, I could lay out text as its own design element.
Sentences wove in and out of undulating lines created by papers collaged onto
the canvas strips to provide compositional structure. I was also able to ensure
that each contribution was legible, even where one overlapped with another—
something that would have been difficult to ensure under my original plan.

The middle “conversation” piece is composed of two narrower strips of
canvas pinned over a larger base canvas. Colours from the two flanking
paintings, Ocean and Humanity, were applied to unify the entire piece. It is on
this piece that the kindergartners wrote their words to the whale. Their large,
wobbly letters interact with selected fragments of text I found particularly
poignant, repeated over and over for emphasis. These words, combined with
the handwritten words of the very young, seemed a fitting foundation for the
thoughtful, provocative lines contributed by so many individuals.

What Was Accomplished?

There were conversations. Memories were evoked and stories were shared,
some of which I was privileged to hear. But more importantly, I participated in
the asking of searching questions. What actually got written on these canvases
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was a fraction of what was spoken. How does one measure that? One individual
shared that she and her friends had an animated discussion ranging from
plastics to politics, mixed with memories of clam digs and surfing. It got too
much to summarize; she simply wrote, “Thank-you.”

And quiet gazes. Individuals stood in front of the whale long moments and
spoke no words at all. “Why does this make me want to cry...?” one person
asked. Another stood in front of the hands and wondered at the clamorous
nature of them. I hadn’t intended them to be that way, I replied. We’re takers,
he said, we must change.

As for the artist? She spent days, weeks, in the solitude of her studio, painting
a great whale she knew nothing about. As the whale took form, the two of them
began a dialogue, spaced out between stretches of silence as they observed one
another, curious, thinking about the other’s world. They are not the same after
this encounter, of that I am certain.
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Evaluating Ocean Perceptions and Ocean Values: The
Canadian Ocean Literacy Survey

Lisa (Diz) Glithero, Canadian Ocean Literacy Coalition & David B. Zandvliet, Simon Fraser
University

Abstract

This paper describes the development, validation, and Rey findings of the Canadian
Ocean Literacy Survey. Led by the Canadian Ocean Literacy Coalition (COLC) and
its research partners, this survey was developed as part of a Canada-wide, mixed
methods research initiative examining how ocean literacy is understood and
practised across different regions and sectors. The survey included items linked to
ocean perceptions, values, and actions as reported by two categories of Canadian
respondents: “ocean-engaged” (n=1,359) and “general public” (n=1,010). The
survey objectives were as follows: to determine if Canadians would identify
Canada as an “ocean nation”; to uncover meaningful patterns in ocean awareness,
perceptions, and values by region and subgroups; and to better understand
Canadians’ emotional connections to, and relationship with, the ocean, as well as
their behavioural intentions and actions.

Résume

Le présent article décrit la conception, la validation et les principales conclusions du
Sondage canadien de la connaissance de l'océan. Mené par la Coalition canadienne
de la connaissance de l'océan et ses partenaires de recherche, ce sondage a été mis
au point dans le cadre d’une initiative pancanadienne de recherche a méthodes
mixtes examinant la compréhension et la pratique de la connaissance de 'océan
dans différentes régions et différents secteurs. Le sondage abordait les points
suivants : perceptions, valeurs et actions a I'égard de l'océan. Deux groupes
ont été sondés : les « répondants sensibilisés » (n=1 359) et le « grand public »
(n=1 010). Le sondage visait a déterminer si les Canadiens reconnaissaient leur
pays comme une « nation océanique » et a dégager des tendances significatives en
ce qui concerne la sensibilisation au milieu marin, les perceptions et les valeurs en
fonction des différents sous-groupes et régions afin de mieux comprendre le lien
émotif et la relation qui unit les Canadiens a I'océan, de méme que leurs intentions
et leurs actions.

Keywords: ocean literacy, ocean perceptions, ocean values, ocean action, survey
design, Canada

Mots-clés : connaissance de 'océan, perceptions a I'égard de 'océan, valeurs a
I’égard de I'océan, actions a I’égard de I’océan, conception de sondage, Canada
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Introduction and Background

This paper describes the development and validation of an ocean literacy survey
by the Canadian Ocean Literacy Coalition (COLC) and its research partners.
Widely accepted internationally, ocean literacy is a term that has been defined
as one’s understanding of “the ocean’s influence on us and our influence on
the ocean(s)” (National Oceanic and Atmospheric Administration, 2013, p. 1).
Using established psychometric principles, the Canadian Ocean Literacy Survey
was developed as part of a larger Canada-wide research initiative led by COLC
to better understand Canadians’ varied relationships with the ocean and, more
specifically, to examine how ocean literacy is understood and practised across
the country’s different regions and sectors. The aim of the national study was
to establish the first baseline of ocean literacy in Canada, and in so doing to
co-develop an evidence-based national ocean literacy strategy.

Our relationship with the global ocean, or the interconnection of the world’s
seas, goes beyond the ocean being a simple source of food and resources.
Indeed, this enormous mass of water that encircles the globe influences
climate, weather, biodiversity, and ecosystems. Globally, there is a deepening
understanding of the importance of our interactions with a diversity of marine
ecosystems (Selig et al., 2019). There is also growing evidence that human
pressures are increasingly putting the health of these ecosystems at risk (Borja
et al., 2016) through unsustainable practices (e.g., plastic pollution, overfishing,
carbon dioxide emissions) that contribute to ocean acidification, deoxygenation,
and changes in water temperatures (International Union for Conservation of
Nature, 2017).

The global ocean is an increasingly important component of national
socio-economic development strategies (e.g., Canada’s emerging Blue
Economy Strategy). However, if these development strategies do not prioritize
sustainability and equity, the health of marine and coastal ecosystems could be
further jeopardized, along with the communities that depend on them. As policy,
academic, technological, and on-the-ground community solutions continue to
be shared and implemented to mitigate human impacts on these ecosystems,
fostering ocean and climate awareness, connections, and stewardship in citizens
is likewise an essential step. According to the United Nations Educational,
Scientific and Cultural Organization (UNESCO, 2021), changes in the way we
think about and understand our relationship with the ocean can be addressed
by an increased focus on ocean literacy.

Ocean literacy was introduced more than 15 years ago in the United
States and has since grown into a worldwide movement. Momentum has been
particularly spurred by collaborative international policies and agreements.
For instance, the Galway Statement on Atlantic Ocean Cooperation (2013) has
contributed to international ocean collaboration in the “North Atlantic Region,”
which includes the European Union, Canada, and the United States; the Beléem
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Statement on Atlantic Research and Innovation Cooperation (2017) has done
the same for the “All-Atlantic Region,” which stretches north-south along the
Atlantic Ocean and encourages collaboration across North and South America,
Africa, and Europe.

Ocean literacy in its various forms will be key to influencing (or mitigating)
our individual and collective actions in Canada and abroad, as well as to helping
us understand how we are directly or indirectly connected to diverse marine
environments. Central to the global concept of ocean literacy is ensuring that
all citizens gain a better understanding of the importance of the ocean, the
varieties of human-ocean interactions, and the opportunities to act sustainably
to reduce human impacts on marine systems (Santoro et al., 2017).

Describing and evaluating ocean literacy, then, is an important challenge for
all parts of society, including educators, trainers, students, young professionals,
civil society, scientists, consumers, industry, and policy makers (Uyarra and
Borja, 2016). Developing descriptors and measures for ocean literacy can be
seen as an essential part of the strategies needed to change human behaviours
and practices, while also creating opportunities for sustainable development
(Gelcich et al., 2014). Ocean literacy has been identified as one of the seven
societal outcomes for the current United Nations Decade of Ocean Science
for Sustainable Development (UN Decade 2021-2030), of which the seventh
and final outcome promotes “an inspiring and engaging ocean where society
understands and values the ocean” (oceandecade.org). Measuring “societal
understanding” and “ocean values” are thus clearly recognized as important
indicators of the UN Decade’s overarching objective of “transformational action.”

Consultation and Research Design

The development of COLC’s Consultation and Engagement Phase formally
began in late April 2019 with a strategic planning session led by COLC and
attended by 12 participants representing diverse regional, sectoral, and cultural
perspectives. Together, the participants contributed to the co-establishment of
a preliminary research framework. This framework was centred on a robust
consultative process at both a national and regional level (September 2019 to
March 2020). The research outcomes were published in June 2020 as a series
of reports in the Understanding Ocean Literacy in Canada study. The study’s
evidence-based findings directly informed the eventual launch of Land, Water,
Ocean, Us: A Canadian Ocean Literacy Strateqy in March 2021 .

The Consultation and Engagement Phase of the project was led by COLC’s
research team, composed of a national coordinator, five regional coordinators
(three post-docs and two graduate students), two research assistants, five artists,
and five supporting research professors. Together, the team examined the
overarching research goals and scope of the consultations as the foundation of the
larger Strategy development process. These early discussions yielded important
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outcomes for the conceptualization of the research, including the need to consider
broad opportunities and approaches for community engagement, “a spectrum” of
best practices, and potential ways to bridge ocean and freshwater literacy efforts.
Most importantly, the research needed to ensure, support, and celebrate regional
diversity within and across the Canada-wide consultation process.

In our evolving research design, we paid close attention to the complex
nature of institutional research as it involved a variety of academic partner
institutions (and ethics protocols). Likewise, we closely observed different
provincial/territorial processes for the approval of community engaged
research. In addition, protocol and care related to the sensitivity and protection
of Indigenous knowledge (e.g., as outlined by the First Nations Information
Governance Centre and in the National Inuit Strategy on Research) were
important considerations for COLC’s research team. Finally, as a pan-Canadian
research team, it was paramount that our approach facilitate people coming
together to co-create, co-explore, co-develop, and co-identify the salient aspects
of ocean literacy in distinctly Canadian contexts.

We used a mixed methods research framework, including a national survey,
semi-structured interviews, online organizational asset mapping surveys,
document scans, targeted workshops (i.e., youth), and arts-based methods.
This article focuses on the instrumental design and resultant key findings of the
national survey only.

National Survey Design

Initial conceptions of the national survey included items linked to ocean values,
perceptions, and attitudes related to ocean-connectedness as held by two
categories of respondents (all 15 years of age or older): self-identified “ocean-
engaged” Canadians (either directly or indirectly engaged in ocean literacy or
ocean-related work) and the “general public.” We intended to broadly survey
Canadians with a short and efficient tool which, at a minimum, would establish
the following: how strongly individuals identified as being part of an “ocean
nation”; how relevant the ocean is to a citizen’s daily life; and to what extent
Canadians could identify, rank, or categorize ocean concerns and actions.
We hoped to define a series of constructs that would help to further elucidate
our Canadian conceptions of ocean literacy and pair the survey with a mixed
methods approach linked to other qualitative methods that could “tell the story”
of ocean literacy in Canada.
Briefly, the topics intended for the survey included:

* knowledge about current ocean threats and conservation policies and
practices
awareness of and attitudes toward ocean conservation and the blue economy
values pertaining to ocean ecosystems and marine ecological services
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perceptions of ocean health and the role citizens play in ocean stewardship
citizens’ behavioural intentions pertaining to ocean sustainability

Specifically, the survey objectives were threefold:

* (o determine the extent to which Canadians surveyed would identify Canada
as an “ocean nation”

® (0 uncover response patterns that exist by region and subgroups in order to
better understand ocean awareness, perceptions, and values, across Canada,
and among its various regions and communities.

® (o better understand Canadians’ emotional connections to and relationship
with the ocean, as well as their behavioural intentions and actions

Survey Instrument Development

Our conceptual framework for the measurement and evaluation of ocean per-
ceptions (and of survey methodology generally) is rooted in the work of early
scholars such as Kurt Lewin and Henry Murray (Fraser, 1998). Decades ago,
Lewin’s (1951) field theory stipulated the key idea for all psychosocial research
that followed, namely, that human behaviour has two determinants: 1) the envi-
ronment and 2) the environment’s interaction with an individual’s personal char-
acteristics. To illustrate this concept, Lewin (1951) communicated his field theory
in which human behaviour is conceived as a function of both a person and their
environment. Over the ensuing decades, a wide range of social science research
instruments have been constructed, tested, and validated to describe these per-
sonal and perceptual elements as they relate broadly to human experience.

Social scientists characterize the development of survey methodology
in phases (Creswell & Plano Clark, 2007). In the first phase, the main foci of
psychometric research involved establishing reliable and valid instruments for
mapping perceptual dimensions as they linked to attitudes, learning outcomes,
and other aspects related to human experience. This could include examining
links between perceptual measures and learning outcomes, or identifying
differences in perceptions across genders, ages, or ethnicities. Much of this
research was descriptive or correlational in nature.

A second phase (2000 to the present) includes broader methodologies in
which more varied research questions are investigated (Zandvliet and Fraser,
2018). This development has led to greater diversity in research methods and
to the inclusion of a range of mixed methods that incorporate both quantitative
and qualitative data collection into an integrated research design.

Because learning is not viewed as an individualized phenomenon by social
scientists, survey research methods continually stress that learning occurs
within and under the powerful influence of strong social factors (Fraser, 2014).
Importantly, perceptual studies conducted during the past few decades have
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diversified to involve the use of qualitative methods in describing these factors,
and in the triangulation of qualitative and quantitative data sets (Tobin & Fraser,
1998). Today, survey methodology has diversified as a variety of approaches,
and instruments have been developed, tested, and validated in a range of
settings (Fraser, 1998; 2014).

For this study, a key consideration in designing perceptual measures as
part of our conception of ocean literacy lay in the latent potential of these
measures to be predictive of other outcomes, such as attitudes or behaviours
related to the ocean. This, in turn, underscored the need to develop a variety of
methods to measure, map, or typify various data sets related to perceptions of
marine environments. To this end, we referred to contemporary mixed methods
research practices, which combine a variety of information and data sources
in their design. Perhaps most importantly, mixed methods can give a voice
to diverse demographics, such as age, gender, or ethnicity, regardless of the
disciplinary context or knowledge (Zandvliet & Fraser, 2018). Put simply, our
perceptions about our experiences are invaluable resources for understanding
the complexity of what we will define as “ocean literacy” now and in the
future. In the context of this study, our survey methods were complemented by
observation, interviews, and other rich sources of qualitative data.

Recent Surveys Related to Ocean Literacy

Recent polling by the World Wildlife Foundation (WWE, 2016; Environics
Research, 2019) has primarily focused on public opinion regarding marine
protected areas in Canada. The most recent study (Environics Research, 2019)
included 22 questions administered to 1,665 respondents (aged 18 years old
and over). The constructs measured included Canadians’ values placed on the
ocean and perceptions of and support for ocean solutions (e.g., protecting
oceans and their ecosystems, including wildlife habitats; reducing use of toxic
chemicals). Their report presented compelling evidence that these views have
been widely held over time, which was especially evident when comparing
the 2016 and 2019 survey results. For the most recent study, a mixed methods
approach was used: 1,515 interviews were conducted with an online panel
in the Canadian provinces, and 150 interviews were conducted by telephone
in the Canadian territories. Quotas for the study were set by region, age,
and gender, as well as household income (in the provinces) and Indigenous
identity (in the territories). Data were weighted to ensure the final sample
was representative of the Canadian population, according to the most recent
Census (2016) census data.

Similarly, the International Ocean Literacy (IOL) Survey (Fauville et al.,
2019) aimed to serve as a community-based measurement tool allowing the
comparison of levels of ocean knowledge among 15- to 17-year-olds over
time and across location. The tool was first developed in English and within
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a concentrated American and European context. The IOL Survey has faced
a number of criticisms, including the following: it is too narrow in its focus
(McKinley & Burdon, 2020); it uses only knowledge outcomes as measures;
and it only administers multiple choice questions on knowledge ideas that
are directly linked to the American-generated Ocean Literacy Principles and
Fundamental Concepts specific to the U.S. national science K-12 curriculum
(see Cava et al., 2005).

Despite its potential shortcomings, the IOL Survey has been subjected to two
rounds of field testing. For the most recent study, data were collected in early
2019 from participants aged 15 to 17 years old with a total of 7,900 respondents
across 14 languages: Catalan, Dutch, English, Greek, Italian, Japanese, Korean,
Polish, Portuguese, Simplified Chinese, Spanish, Tagalog, Thai, and Traditional
Chinese (Chen et al., 2020). Overall, the items in the survey’s single “ocean
literacy” scale demonstrated high internal consistency, though the scale was
unidimensional in that it measured only one latent trait: knowledge outcomes
related to a somewhat limited conception of ocean literacy.

Most recently, the Seas, Oceans and Public Health in Europe project (SOPHIE)
developed a large-scale, European survey on oceans and human health. This
survey was developed with the aim of understanding public perceptions of both
the risks and benefits to marine ecosystems for human health and well-being.
Their study surveyed the opinions expressed by 14,167 European citizens
from 14 countries about their interactions with marine environments and their
perceptions of a range of marine activities (SOPHIE Consortium, 2020). These
opinions were solicited in relation to a variety of factors, including public health
and well-being, health of the marine environment and economy, and overall
concerns and priorities related to the marine environment. Data were collected
using representative online panels for each country.

This sampling of current ocean literacy survey research helped COLC’s
research team conceptualize factors to include in the developing the Canadian
Ocean Literacy Survey.

Survey Methods

A targeted review conducted by the COLC research team uncovered relatively
little empirical research on the measurement of ocean literacy within the
Canadian context and noted few studies using validated surveys to measure
ocean related factors. This finding drove our need to design and validate our
own survey instrument for use in this research. The Canadian Ocean Literacy
Survey was designed to gauge factors of interest for all Canadians about ocean
perceptions and ocean values pertaining to a range of issues. As we worked to
develop the survey structure, we considered individual items and factors (groups
of related items) from published surveys, including those of ocean knowledge,
attitudes, values, perceptions, and behavioural intentions.
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Referencing normative practices for survey design, the administered
structure for the survey eventually included 10 perceptual items to which
respondents were asked to respond using a five-point Likert scale (5-strongly
agree, 4-agree, 3-neutral, 2-disagree, or 1-strongly disagree). These items were
grouped into two potential factors (ocean perceptions and ocean values), which
were then augmented by additional items that allowed respondents to check off
a range of responses related to their ocean knowledge, attitudes, or intended
behaviours. At the end of the survey, participants were given a final text option
to respond in an open-ended way by telling an “ocean story.”

A finalized version of the Canadian Ocean Literacy Survey, in both English
and French, was made available to the general public and was administered
using a web-based platform. Links to the survey were distributed through the
COLC network and members’ extended networks to professional communities,
most of whom were directly or indirectly engaged in ocean literacy or broader
ocean-related work. We referred to this group as “ocean-engaged.” In addition,
Nanos Research administered a shortened version of the same survey to poll
a random sampling of the Canadian public. We referred to this group as the
“general public.”

Figure 1. Demographic Breakdown of the Ocean-Engaged Survey
Respondents (n=1,359). Graphic Design: Mary Paquet
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Study Sample

The “ocean-engaged” sample for this study consisted of 1,359 Canadians (15
years of age or older) responding to the online survey between September 23,
2019 and January 31, 2020. For this sample, a broad geographical distribution
was reached, with the largest response clusters concentrated in Ontario and
British Columbia, followed by Newfoundland and Quebec. Figure 1 highlights
the demographic breakdown of the ocean-engaged survey respondents. Of the
total sample (n=1359), there was an 89.2 % overall completion rate of the items,
although the response rates varied for each item. In summary, 25 of 26 questions
administered were Likert response scale or checkbox. The final question consisted
of an open-ended (and optional) comment with a completion rate of 25.2%.

QUEBEC
24.85%

ATLANTIC
1o o oclan 9.9%

T AT VRAR

Figure 2. Demographic Breakdown of the “General Public” Survey
Respondents (n=1,010). Graphic Design: Mary Paquet

For the “general public” sample, 1,010 Canadians were polled. For this
group, the survey items were included as part of a larger omnibus survey being
conducted by Nanos Research. In its administration, fewer questions were
asked and fewer demographic data were gathered. For example, we were unable
to collect data on respondents’ proximity to the coast, work/sector breakdown,
or ethnic identity. The study participants (aged 18 years or older) participated
in a hybrid telephone and online random survey conducted by Nanos Research
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between November 29 and December 2, 2019. Figure 2 highlights the
demographic breakdown of the “general public” survey respondents.

Validation of Survey Data

The survey instrument developed for use in this study was one that intended
to gauge factors of Canadians’ ocean perceptions and ocean values as few recent
studies have included validated surveys to measure these factors in the Canadian
context. The survey proved to be a reliable and valid tool for measuring these
constructs for the two population groups sampled. As the items are not time or
age sensitive, the questionnaire was easily adapted for use with both the “ocean-
engaged” and “general public” respondents.

As noted in Table 1, two scales (ocean perceptions and ocean values) were
incorporated as “perceptual” measures into the survey, and the items for each
were developed from two sources: 1) previously referenced inventories and 2)
data emerging from focus groups with collaborators and the COLC research team.
For each of these factors, items were responded to using a five-point Likert scale
(ranging from strongly agree to strongly disagree), and the validity and reliability
data were independently calculated for each factor for each of the samples.

Scale Sample Item

Ocean Perceptions My day-to-day actions impact the ocean.

The ocean directly influences my day-to-day activities.

Ocean Values Ocean health is important to me.

[ am willing to make changes to support ocean health.

Table 1. Sample Items from Scales Included in the Canadian
Ocean Literacy Survey

Scale Reliability/ Validity Ocean-Engaged General Public
Data Sample

Ocean Perceptions Cronbach alpha 72 .63
Discriminant validity 32 .38

Ocean Values Cronbach alpha 73 .66
Discriminant validity 32 .38

Table 2. Validity and Reliability Data for Scales from the
Canadian Ocean Literacy Survey
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The calculated values from the Cronbach alpha and discriminant validity
values for administration of the survey to the “ocean-engaged” and “general
public” samples indicate that the measured constructs (ocean perceptions and
ocean values) demonstrate acceptable (within scale) reliabilities and discriminant
validity among the other measures on the survey. This demonstrates that these
scales are robust and can be used in a variety of contexts (e.g., for educators
and/or the general public) wishing to measure, evaluate, or describe these factors
as important components of ocean literacy.

Survey Results

Items on the survey yielded rich information about how Canadians view their
relationship with the ocean environment. Survey data demonstrated that
Canadians strongly identify as an ocean nation and that they are willing to
make lifestyle changes to support ocean health. Canadians also indicated that
they want Canada to be an international leader in ocean protection. However,
Canadians differed on a number of measures, including what actions they take
to protect the ocean, what they value most about the ocean, and to what extent
they perceive the ocean as influencing their day-to-day lives. These results
indicate that there remains a significant gap in the participants’ relational
understanding of their personal, day-to-day impacts on the ocean and the
ocean’s impact on their daily activities. These ideas are key to our conception
of ocean literacy.

Figure 3 presents the findings specific to the ocean perceptions and ocean
values statements for both sample populations (i.e., “ocean-engaged” and
“general public”). Some findings of particular interest:

e 82% of the “general public” identify that they would like Canada to be
an international leader in ocean protection, which is a similar finding to
the “ocean-engaged” sample. However, when asked “What do you value,
if anything about the ocean on Canada’s coasts?” the response rates were
low as compared to the “ocean-engaged” sample (life-sustaining: 94.9 %
vs. 37.4%; aesthetics and scenery: 72.4% vs. 15.9%; health and well-
being: 71.2 % vs. N/A). Findings for both data sets, however, were relatively
similar across age groups, gender, geographical regions, and proximity to
the coast.

e Respondents identified strongly with the idea that the ocean plays an
important role in the Canadian economy but less strongly that the ocean
directly influences their day-to-day activities.

e 77% of the “general public” identified that they are willing to make lifestyle
changes to support ocean health.
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Figure 3. lllustrated Findings of the Ocean Perception and Ocean
Values Statements for Combined Sample Populations (i.e., “Ocean-
Engaged” and “General Public”). Graphic Design: Mary Paquet

Overall, Canadians shared that they learn most about the ocean through
popular media, including print, television, radio, Internet, etc. The survey
data indicated that the measures of ocean perceptions and ocean values were
fairly homogeneous across age groups, gender, and geographical regions
(including frequency of visits to, and proximity to, the coast). With media
clearly identified as the most important way that Canadians learn about the
ocean, there is a need to better leverage and engage with the media for
sharing knowledge and stories that highlight the continuing relationship
between people and the ocean.

Discussion
The results of the Canadian Ocean Literacy Survey speak to and describe

several issues specific to ocean concerns in Canada. Although 44.1 % of the
general publicidentified ocean pollution as an ocean threat of concern (60.5 %
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amongst the “ocean-engaged”), linkages between climate change and
the ocean (i.e., ocean warming, ocean acidification, rising water levels,
storms) ranked extremely low with this group (9.5%) as compared to
the “ocean- engaged” sample (77.4%). This suggests that greater efforts
are needed to communicate the intersectionality of climate change with
broader ocean literacy concepts.

The survey results also speak to the different types of ocean actions
that Canadians must take. Along with better understanding Canadians’
ocean perceptions and ocean values, the broader research goals aimed
to learn about behavioural intentions with respect to taking individual
and collective action to support ocean health. Overall, more than three
quarters of Canadians (77 %) agreed that they are willing to make
lifestyle changes to support ocean health. Similarly, more than three
quarters of the “ocean-engaged” sample (77.4 %) identified “engaging
in ocean action(s)” as “very important,” ranking this action higher than
“cultivating ocean values” (72.6 %) and “mobilizing ocean knowledge”
(70.6 %). This finding is of particular interest when examining ocean
literacy (in Canadian contexts), as is referenced by our framework:
ocean knowledge, ocean values, and ocean action. The results clearly
demonstrate that ocean knowledge alone is not sufficient to enact
change. Action (or actionable knowledge) is critical and is also potentially
influenced by measures such as ocean values and/or ocean perceptions.

In the context of collective actions then, the “ocean-engaged”
sample of the survey clearly ranked five actions (among the listed items)
as top priorities: reducing ocean pollution (e.g., banning plastic usage);
reducing carbon emissions; supporting a just transition to sustainable
economies; increasing public awareness and education; and creating
marine protected areas. With respect to individual actions, the “ocean-
engaged” sample, once again, clearly ranked five actions as the top
priorities, several of which overlapped with the top “collective actions”
required: reducing personal waste (e.g., cutting back on use of plastics);
raising awareness and teaching others; changing buying habits; taking
political action; and reducing carbon emissions.

Finally, in terms of what agencies Canadians look to for ocean
protection leadership, the top five were ranked as follows: federal
government (67.8%); provincial/territorial governments (44.7 %);
environmental and conservation organizations (38.6%); industry
(31.7 %); and First Nations, Métis, and Inuit governments, organizations,
and communities (25.3%). Figure 4 illustrates a summary of other
insights specific to ocean actions.
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Figure 4. Canadians’ Perceptions on Individual and Collective
Ocean Action Priorities As Well As Ocean Protection Leadership.
Graphic Design: Mary Paquet

Limitations

This study notes a few limitations in ranking the results specific to which
ocean threats Canadians are most concerned about. For example, in the survey
(administered to the “ocean-engaged” sample), responses appeared as three
separate items: ocean warming, ocean acidification, and coastal hazards (e.g.,
sea level rise, storms). However, in the Nanos Research poll administered to the
general public, these items appeared as one response option—climate change/
rising water levels—and the results represent a combined total of these options.
Similarly, ocean pollution appeared in the survey as one response option that
included sewage, garbage, and plastic. In the Nanos poll, however, these items
appeared as two separate responses: ocean pollution from sewage, garbage; and
plastic. Therefore, it is difficult to make comparisons on these measures across
the two samples.
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Conclusion

The development and validation of the Canadian Ocean Literacy Survey
demonstrates that the scales of “ocean perceptions” and “ocean values” are
valid and reliable factors in our developing conception of ocean literacy. This
finding is consistent in both “ocean engaged” and “general public” populations
across Canada. Thus, these factors should be considered as robust items for
inclusion in future research in this area. The survey was administered as
part of a Canada-wide, mixed methods study examining how ocean literacy
is understood and practised across different regions and sectors. It included
items to better describe our emotional connection to, and relationship with, the
ocean—broadly conceived.

As we look to measuring ocean literacy progress in Canada over the course
of the UN Decade (2021-2030), the evidence-based understanding gained from
the Canadian Ocean Literacy Survey provides a useful baseline upon which
to build capacity in this area. Moving forward, a multi-year mixed methods
evaluative framework that includes creative engagement (e.g., community story
mapping, arts-based interactions), as utilized in the broader Understanding
Ocean Literacy in Canada study, will be required. In order to track changes or
trends across regions and with a culturally diverse citizenry, surveys can be a
useful tool in measuring efficacy or in comparing among different possibilities
or strategies for impacting Canadians’ level of ocean literacy over time.

We also recognize that knowledge exchange and evaluative design collab-
oration with international ocean literacy colleagues is essential to enhancing
our work in Canada. This too, is an integral component of the shared global
commitments that have been made to ensure that the societal outcomes of the
UN Decade are achieved. Currently, these outcomes are aspirational, requiring
collective thought leadership with regard to how the global “we” will track and
measure “societal understanding and values of the ocean” over the decade,
and beyond.

How do we turn aspirational goals into measurable outcomes? How will we
know that our objectives for ocean literacy are progressing? And how will these
potential successes be shared globally? These are but a few of the questions the
COLC research team is now considering and which we will tackle together with
our national and international colleagues. These efforts are already beginning;
for example, recent work in the United Kingdom (McKinley & Burdon, 2020) is
providing a new synthesis of evidence for potential measurement frameworks
and evaluative design thinking that is specific to measuring ocean literacy. This
and other emerging research (Ashley et al., 2019) will be useful starting points
for realizing our collective goal of transforming ocean-climate knowledge into
changes in the behaviours and actions that will promote ocean sustainability.
Using an evidence-based approach to measuring and describing these factors
will be a key part of the future of ocean literacy research.
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Abstract

The term “ocean literacy” originated in the early 2000s from American ocean science
researchers and educators to strengthen ocean science education in the national
curriculum. Worldwide, it has been adapted to reflect a more multidisciplinary
approach to understanding humans’ relationships with the ocean. Research from the
Understanding Ocean Literacy in Canada national study (2019-2020) (Ammendolia
et al., 2020; Glithero, 2020; Hoover, 2020; MacNeil, 2020, Ostertag & Ammendolia,
2020, Yumagulova, 2020) identified ocean literacy as a limiting term, unable
to capture the scope of Canadian experiences with the ocean continuum (land,
JSreshwater, coastal areas, sea ice, open ocean), and inadequate in encapsulating
different worldviews and across different linguistic communities. We discuss the
challenges of contextualizing an international term within Canada and present ideas
to move toward more inclusive terminology, examining the challenges still ahead in

developing relevant terminology and bridging with international initiatives.

Résumeé

Le terme « connaissance de 'océan » (ocean literacy en anglais) a été utilisé pour la
premiere fois au debut des années 2000 dans le programme scolaire américain, par
des chercheurs et des éducateurs du domaine des sciences marines. Il a ensuite été
adapté a l'international pour rendre compte d’une approche multidisciplinaire de
la compréhension des relations entre les humains et l'océan. Selon les recherches
menées dans le cadre de I’étude nationale Comprendre la connaissance de 'océan
au Canada (2019-2020) (Ammendolia et al., 2020; Glithero, 2020; Hoover, 2020,
MacNeil, 2020; Ostertag et Ammendolia, 2020, Yumagulova, 2020), le terme
« connaissance de 'océan » est restreint et incapable de rendre toute la portée
de l'expérience canadienne du continuum océanique (qui comprend la terre, l'eau
douce, les régions cotieres, la glace de mer, la haute mer), il n’intégre pas non
plus l'essence des différentes visions du monde et communautés linguistiques.
Nous abordons donc la difficulté d’adapter un terme international a la réalité
canadienne et présentons des idées de termes inclusifs tout en examinant les défis
qui restent a venir pour trouver une terminologie pertinente et faire le pont avec

les initiatives internationales.

Keywords: ocean literacy, ocean continuum, terminology, translation challenges,

connaissance de I’océan, French, Inuktut

Mots-cles : connaissance de l'océan, ocean literacy, continuum océanique,

terminologie, problemes de traduction, I'océan, francais, inuktut
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Coming to Terms with Ocean Literacy

In preparation for the launch of the United Nations Decade of Ocean Science for
Sustainable Development (2021-2030), the Canadian Ocean Literacy Coalition
(COLC) undertook an ambitious year-long study of ocean literacy across five
regions (Pacific, Inuit Nunangat, Atlantic, St. Lawrence/Great Lakes, and Inland
Canada) with the goal of creating a national ocean literacy strategy. The concept
of ocean literacy that had rippled out from the United States in the early 2000s
(Cava et al., 2005) was clearly growing into an international movement across
an increasingly broad range of society (Santoro et al., 2017). However, the
vast knowledge systems, values, and experiences that shape diverse peoples’
relationships with the ocean are as fluid and complex as the ocean itself (Te
Punga Somerville, 2017). The widely accepted international definition of ocean
literacy is understanding “the ocean’s influence on us and our influence on
the ocean” (National Oceanic and Atmospheric Administration, 2013, p. 1);
however, in attempting to reach beyond ocean educators, we (the COLC research
team) proposed a starting definition of ocean literacy that was broader than
international framing and included diverse ocean knowledge systems, ocean
values, and ocean actions.

Throughout the course of COLC’s year-long study, participants shared with us
arich tapestry of stories, experiences, and perspectives. While the Understanding
Ocean Literacy in Canada study (2019-2020) (Ammendolia et al., 2020; Glithero,
2020; Hoover, 2020; MacNeil, 2020; Ostertag & Ammendolia, 2020; Yumagulova,
2020) highlighted exceptional work being undertaken across the country, we
also identified that a major roadblock to advancing ocean literacy in Canada was
the term itself. When the term ocean literacy was known at all (something that
varied by and within regions), it was often found to be narrow and limiting. The
Western, science-based, English-language dominant roots of ocean literacy were
an additional barrier to creating an inclusive movement that draws on the lived
experiences and distinct worldviews and practices of diverse cultural, linguistic,
and geographic communities across Canada. The struggle with the term “ocean
literacy” itself became a central conversation within the research team and with
the hundreds of participants who engaged in the research from diverse regions,
cultures, linguistic communities, and sectors (Glithero, 2020). While the intent
behind the term resonated with participants and clearly galvanized remarkable
interest in the project, notable sticking points consistently created tensions in
collectively coming to terms with ocean literacy terminology.

In this paper, we reflect on the emerging ocean literacy terminology in the
Canadian context by drawing on findings from the Understanding Ocean Literacy
in Canada regional reports (Ammendolia et al., 2020; Hoover, 2020; MacNeil,
2020; Ostertag & Ammendolia, 2020; Yumagulova, 2020). In particular,
we consider a number of challenges with ocean literacy terminology in the
Canadian context. To begin, we consider how the “ocean” is in itself both a fluid
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word and highly dynamic and complex physical entity, better understood as
an “ocean continuum.” Second, we consider whether the concept of “literacy”
itself (whether ocean literacy, climate literacy, or environmental literacy) creates
barriers to a broad-based, multi-sectoral engagement with ocean literacy. Third,
since ocean literacy is a term that reflects Western scientific understandings of
and relationships with the ocean and education (primarily formal, school-based
education), it is a term that is particularly problematic in Indigenous contexts as
it risks perpetuating a settler colonial appropriation of Indigenous knowledges,
practices, pedagogies, and relationships with land/water. Finally, we dive into
issues of translation and language since ocean literacy is a term that emerges
from Anglophone institutions and is now being applied to and translated into
different linguistic and cultural contexts.

This article brings together theoretical frameworks from translation studies
(Conway, 2012), literacy education (Fransman, 2006), environmental literacy
(Stibbe, 2009), and Indigenous studies (Reid et al., 2020) to help us reflect on
the tensions that are at play when we uncritically call for “ocean literacy for
all” (Santoro et al., 2017). We conclude with considerations for pathways that
can help us move through these critiques by continuing to build on the energy
and sense of urgency that has driven the ocean literacy movement while still
ensuring that we actively listen and respond to more marginalized voices to
truly co-create culturally and linguistically relevant ocean literacy across Canada.
If we want and need to move toward a more sustainable future, including ocean
sustainability, we need to adopt a “more ecological culture and participative
worldview” (Sterling, 2009, p. 77).

Reflecting on Language: Our Methodology

As the researchers conducting the Understanding Ocean Literacy in Canada study,
we utilized mixed-method, multi-regional, and multi-sectoral collaborative
research approaches, including literature reviews, interviews, and case studies to
identify the scope of ocean literacy in Canada (full research process and results
available here: http://www.colcoalition.ca). Five regional coordinators, one
national coordinator, and two research assistants developed an evidence-based
approach to identifying the current state of ocean literacy and the diversity of
practitioners across the country. At the national level, a random public national
survey (Nanos Poll, 1,010 respondents; see Glithero & Zandvliet, 2020), a
national survey of ocean literacy providers (Canadian Ocean Literacy Survey,
1,359 respondents; see Glithero & Zandvliet, 2020), a media and social media
scan (1,253 news articles, 77 influential twitter accounts; see Shiffman et al.,
2020), and a series of youth focus groups (three university focus groups; see Roy,
2020) were used to inform how ocean literacy is used and perceived nationally.
At the regional level, five regional coordinators employed standardized methods
of literature reviews (322 documents), organizational-level asset mapping survey
(136 respondents and 418 total identified assets), arts-based engagements (five
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total), and one-on-one interviews (188 total) published across the five regional
reports: Pacific (Yumagulova, 2020), Inuit Nunangat (Hoover, 2020), Inland
Canada (Ammendolia et al. 2020), St. Lawrence/Great Lakes (MacNeil, 2020),
and Atlantic (Ostertag & Ammendolia, 2020).

Throughout this extensive research, discussions about ocean literacy
terminology and language emerged as cross-cutting themes within each
regional and national analysis, necessitating a critical reflection on the use of
the term and the limitations of using “ocean literacy” at the local, national,
and international levels. This critical, reflective methodology, combined with our
individual positionalities and blind spots to areas outside our spheres of lived
experiences and research domains, impacted our views on the terminology.
Despite the diverse experiences and perspectives we bring to our collective
understanding of ocean literacy, our understandings remain limited by our
dominant worldviews, particularly as settler academics working predominantly
within English-language communities and Western knowledge systems.

The Emergence of Ocean Literacy in Canada

Within Canada, the Canadian Network for Ocean Education (CaNOE) is credited
as one of the first champions of ocean literacy in English-speaking Canada.
This volunteer-based, non-profit organization engages formal and non-formal
marine educators in bringing ocean literacy to classrooms and communities
across Canada. Through ongoing work, the CaNOE community has co-created a
living document in answer to the question, “What is Canadian ocean literacy?”
(Stewart, 2019). The document touches on many issues highlighted in this paper,
such as Indigenous knowledges as well as ecological, jurisdictional, educational,
cultural, spiritual, and emotional considerations (among others). This document
also serves to highlight various and distinct knowledge systems, as well as
freshwater connections. Like the COLC research team, CaNOE recognizes that
Canadians support expanding the term ocean literacy to include more than
ocean science knowledge.

While ocean literacy has become the predominant term in Canada over the
past few years, other terminology continues to emerge. For example, unique to
Newfoundland and Labrador, and in particular, Fogo Island, is the New Ocean
Ethic (Shorefast Foundation, 2016), which is rooted in the understanding that
“if we are to continue to benefit from our relationship with the sea, we must
rethink the way we use its resources and exist responsibly on its shores” (p. 3).
The New Ocean Ethic places ocean literacy as one of 10 major initiatives to
promote and work toward ocean sustainability on Fogo Island. Nationally and
internationally, the terms “ocean education” and “marine education” resonate
widely in formal and non-formal educational contexts (Fielding et al., 2019;
Guest et al., 2015; Scully, 2018). By way of further example internationally, the
work of Emma McKinley and colleagues in marine policy in the United Kingdom
centres around the use of the term “marine citizenship” (McKinley et al., 2019;
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McKinley & Fletcher, 2010) and the potential implications of an enhanced sense
of marine citizenship in the management of the marine environment.

As these English-language examples indicate (continue reading for French-
language discussion), ocean literacy terminology in Canada is emerging at a
time when ocean-specific terms are beginning to proliferate. This suggests that
robust interest and a sense of urgency are increasingly driving commitments
to improve human-ocean relationships. As a result, diverse terms are being
created to reflect and encapsulate these movements.

In the following sections, we turn to findings from COLC’s Understanding
Ocean Literacy in Canada study (Ammendolia et al., 2020; Hoover, 2020;
MacNeil, 2020; Ostertag & Ammendolia, 2020; Yumagulova, 2020) to consider
limitations of ocean literacy terminology. We begin with the word “ocean” itself,
recognizing that an “ocean continuum” is a more inclusive term for this vast and
dynamic Earth system, and we work toward expanding on the term “literacy”
in the future.

Why the Term Ocean?

Roughly seven million people in Canada live in coastal zones (Fisheries and
Oceans Canada, 2021, including numerous First Nations and the majority of
communities across Inuit Nunangat (Inuit homeland in Canada; Inuit Tapiriit
Kanatami [ITK], 2004). What is more, 78 % of Canadians recognize Canada as
“an ocean nation” (Nanos, 2019). There are innumerable types of interactions
and lived experiences tied to the ocean that take place across the country every
day. Yet, conversations about ocean literacy primarily occur between academics
and ocean literacy providers, resulting in difficulties in understanding its role
in and significance to society (Glithero et al., 2020; Kopke et al., 2019). This
perception of ocean literacy as an elitist, high-level or “ivory tower” framing was
confirmed by our study participants across Canada. The COLC research team
conducted 188 interviews (roughly 168 of which were conducted in English)
across five regions: Atlantic (Ostertag & Ammendolia, 2020), Inland Canada
(Ammendolia et al., 2020), Inuit Nunangat (Hoover, 2020), Pacific (Yumagulova,
2020), and St. Lawrence/Great Lakes (MacNeil, 2020). Across these regions,
ocean literacy was found to be the following: limiting, requiring a broader and
more inclusive framing; disconnected from Indigenous ways of knowing and
ineffective at capturing relationships with the ocean; a new or unfamiliar term;
and exclusive of freshwater and land-based efforts that are also ultimately
connected to ocean health.

Interviews with participants from Inuit Nunangat, along the St. Lawrence
River, and throughout Inland Canada in particular suggested that the term
“ocean” itself is a barrier for many since the ocean is a dynamic, interconnected
system that includes relationships between land, climate, coasts, sea ice, glaciers,
wetlands, lakes, and rivers. Etymologically, the word ocean is derived from the
Greek okeanos and the Latin oceanus. These terms refer to the great river or
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sea that flows around a single land mass, reflecting historical understandings
of the earth’s shape (Online Etymology Dictionary, 2021). It was not until the
14th century that individual ocean basins began to be distinguished; however,
as Te Punga Somerville (2017) reminds us, oceans do not name themselves,
and this Eurocentric etymological lineage erases the many languages that have
named the ocean(s) to reflect distinct human relationships with these bodies of
water. Lynn Jacobs, Director of Environment Protection with the Kahnawa:ke
Environment Protection Office, discusses this limitation: “Why the term ocean?
It feels disconnected from our reality. For us everything is interconnected:
saltwater, freshwater, all the way down to the smallest stream” (MacNeil,
2020, p. 8). Connections to freshwater, local waterways, and watersheds were
prevalent in conversations within Inland Canada and the St. Lawrence Region,
as they provided a source of transportation, food, employment, recreation, and
spirituality akin to how coastal communities experienced the ocean. It quickly
became clear that freshwater and watershed issues were fundamentally a part of
what ocean literacy should encompass. If all water leads to the ocean, dialogue
related to the ocean must include all water that will flow into it.

Within Inuit Nunangat, the ocean mostly exists in a frozen state, used for
travel and as a platform for hunting. Sea ice is intimately tied to Inuit culture
and the historically nomadic way of life (Inuit Circumpolar Council Canada,
2008). In its frozen state, the ocean serves as an extension of the land, and,
as noted in the Inuit Nunangat regional discussions and interviews, the terms
“ocean,” “ice,” and “land” are often used interchangeably. Douglas Esagok, an
Inuit hunter from the community of Inuvik, shared the following:

One thing I always tell people about the ocean is how important it is to keep our
ocean clean, because everything depends on it. [...] The salts the ocean has for
your caribou in the wintertime, they go out on the sea ice and they dig down for ice
and they lick the salt from the surface of the ice. Our people are originally from the
ocean, and everything—our culture—is what we learn from living in the ocean or on
the coast. (As cited in Hoover, 2020, p. 7)

For Inuit and many coastal peoples, these relationships with ocean, land, water,
and especially sea ice are increasingly destabilized because of the climate crisis
and its uneven impacts on vulnerable communities around the world.

In each of the five regions, recommendations moving forward highlighted
a more integrated, holistic approach to understanding the ocean. They included
bridging inland and coastal perspectives (Pacific), providing space for dialogue
and collaboration between ocean and water experts (Inland Canada), adopting a
watershed and/or a systems approach to making the ocean visible and accessible
(Atlantic), emphasizing the interconnectedness of waters (St. Lawrence/ Great
Lakes), and reframing terminology to include land, water, coasts, and sea ice
(Inuit Nunangat). These conversations highlight the need to expand our use of
the word “ocean” to include coastal and inland Canadians’ connections to the
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ocean and honour the diverse ways in which Canadians experience the ocean.
The use of “ocean continuum” in Canada has been put forward as an initial
first step in building a more inclusive “ocean” community as our definition
of the ocean expands to include more geographic and cultural perspectives.
This recommendation is also connected to a growing awareness among
Canadians of a changing ocean due to climate change, biodiversity loss, and
other anthropogenic changes that are resulting in fundamental shifts in human
relationships with the very idea of the ocean (Lubchenco & Gaines, 2019).
However, we recognize that putting forth the term “ocean continuum” adds
to the already jumbled lexicon of ocean terminology, and in so doing, risks the
same limitations and potential liabilities of lingering in a conceptualization that
is rooted in language alone. This is a key point that we will return to in the article.

The Baggage of Literacy

In the world of education, literacy is a concept largely used in Anglophone
discourses to describe four components: “Literacy as a set of skills, literacy
as applied and socially situated, literacy as a learning process, and literacy
as text” (Fransman, 2006, p. 3). Often, the term “literacy” is used broadly as
a metaphor for any skill or competence, including media literacy, computer
literacy, cultural literacy, etc. Most relevant for our discussion is the term
“environmental literacy,” considered to be one of the oldest non-textual usages
of the concept. Coined by Charles E. Roth in 1968, “environmental literacy
is essentially the capacity to perceive and interpret the relative health of
environmental systems and take appropriate action to maintain, restore, or
improve the health of those systems” (Disinger & Roth, 1992, p. 3). Similarly,
the term “ecoliteracy” continues to circulate in environmental education
discourses. Its definition as “understanding how people and societies relate
to each other and natural systems in a sustainable way” (Kwauk, 2020, p. 11)
closely parallels that of ocean literacy. Equally, the term “sustainability literacy,”
which is often defined as becoming “empowered to read society critically,
discovering insights into the unsustainable trajectory that society is on and
the social structures that underpin this trajectory... [and] become empowered
to engage with those social structures” (Stibbe & Luna, 2009, p. 11), confers a
threshold of knowledge and critical action to the term literacy.

In this light, it might seem logical to apply the concept of “literacy” to describe
diverse processes that can help people learn about their relationship with the
ocean. Desired outcomes of these processes include increasing the stewardship,
civic engagement, and justice actions required to minimize human impacts on
the ocean, restore ocean heath, ensure equitable access to ocean benefits, and
increase protection from ocean risks. However, although literacy can be used
to describe a wide range of educational contexts, criticisms levelled at the term
“have started to perceive literacy as an instrument of power and oppression,
legitimating dominant discourses and endangering languages, cultures, and
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local knowledge” (Fransman, 2006, p.3). In addition to this critique of literacy
as instrumentalist and imperial in low- and middle-income educational contexts
and countries, “ecoliteracy is low on the to-do list when basic literacy is still an
unmet global goal” (Kwauk, 2020, p. 9). Outside of education researchers and
practitioners (and validated by our study participants), the term literacy often
conjures an association with school-based reading and writing, which in turn
underestimates the out-of-school knowledge that learners bring to their literacy
skills and undermines the importance of oral discourse. Although literacy has
arguably evolved to be understood in the context of multiple literacies and
one’s ability to “participate in society” (UNESCO, n.d., para. 1), it remains a
deficit-based term, implying the need to address a gap in society and raising the
following questions: Whose literacy? For what purposes? To what end?

From conversations across Canada with interview participants, the research
team confirmed a mixed connection to the term “literacy.” Many participants
considered the term appropriate and saw a direct correlation with the common
understanding of literacies as skills or competencies; for these participants,
a high-level term was considered useful in uniting practices that might not
otherwise have a common label. Most participants, however, voiced some form
of concern about the term “literacy.” Participants in Inland Canada highlighted
its negative connotations, including the implied deficit of knowledge as well
as the binary opposition with the stigmatizing term “illiteracy.” In Atlantic
Canada, Shannon Harding, Director of Programs, Clean Foundation, expressed
that “the term ‘literacy’ comes with a lot of baggage,” noting that “we often
use ‘ocean knowledge’ or ‘ocean understanding’ whenever we’re working
with the public [...]. Ocean literacy is the formal term, it’s the suit that all the
other less formal terms fit within” (Ostertag & Ammendolia, 2020, p.8). In the
Pacific Region, Joachim Carolsfeld, Executive Director, World Fisheries Trust,
commented that “literacy does not express the importance of empathy and
emotional connection that we see as key elements of policy decisions and
individual behaviour” (Yumagulova, 2020, p.6). Within Inuit Nunangat, 77 %
of interview participants had never heard the term “ocean literacy” (Hoover,
2020), and many expressed concerns that the term limits one’s connection to
and negates cultural interactions with the ocean. These tensions surrounding
the term, although ultimately unresolved, were often mitigated by alternative
words and phrases that embodied ocean literacy regionally and culturally, as
discussed in the section below.

Ocean Literacy in Relation to Indigenous Knowledges

Beyond the limitations of the words “ocean” and “literacy,” the combined term is
equally insufficient for encompassing distinct worldviews and lived experiences.
The overwhelming international focus on education and formal learning was
found to poorly represent the broad perspectives and diversity of knowledge
and relationships to the ocean within Canada. The term “ocean literacy” was
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most notably found to be misplaced among Indigenous communities, as it was
inadequate in capturing different ways of knowing. Stewart (2019) writes that “a
vital difference between American, European, and other international versions
of ocean literacy is that Canadians are working to responsively value and respect
Traditional Indigenous Knowledge and Inuit Qaujimajatugangit,” though the
success of this is only beginning to be reflected in the ocean literacy lexicon.

For example, Hailhzaqv (Heiltsuk) of the central Pacific coast are in the
process of developing the Heiltsuk Ocean Act, bearing the title Hailkilaxsi ci sld
W dw dXxtusa gdydqla qnts dmxsaxv, or “to respect and take care of our ocean
relatives” (West Coast Environmental Law, 2019a, 2019b). Hillistis Pauline
Waterfall describes this document as “an integral part of our Gvi’las (traditional
laws) and our Heiltsuk Constitution. Th[is] Ocean Act encompasses the principles
of respecting and taking care of our living ocean and our marine waa-waaxtoos
(family)” (Glithero et al., 2020, p.8). The principle of “our ocean relatives” speaks
to a deeper, inherent bond existing between humans and the ocean, shaping
lived experiences that have impact beyond being ocean “literate.”

For Inuit, ocean literacy was also found to be insufficient within the frame
of Inuit Qaujimajatugangit (IQ), a term to describe Inuit epistemology, which
translates as “that which Inuit have always known” (Karetak et al., 2017). More
broadly, ocean literacy was found to be inadequate in expressing the ways people
learn through culture and other non-education-based methods. As renowned
Inuit leader Mary Simon noted,

over millennia, there has been little need for any formal discussion of “ocean
literacy” as Inuit lived, breathed, and ate near or from the ocean and lived in
relative harmony with animals and seasons. Inuit language interweaves values and
numerous words for elements of the ocean that are based on thousands of years of
experience, knowledge, and observations. (Glithero et al., 2020, p.13)

1Q instead directly relates to Inuit understanding of, and relationship with the
ocean, which includes ice, land, and coasts, and which encompasses the entire
realm of Inuit experience in the world and the values, principles, beliefs, and
skills that have evolved as a result of that experience (Karetak et al., 2017).

In the Atlantic Region, Mi’kmaq participants pointed to the practice of
Etuaptmunk (Two-Eyed Seeing) as shared by Elder Albert Marshall (Institute
for Integrative Science and Health, n.d. para. 3; Reid et al., 2020). Etuaptmunk
expresses how Indigenous, Western, and local knowledge systems can be
brought together “to better understand the natural world. [Etuaptmunk] governs
what Mi’kmaw do and why” (Apognmatulti’k, n.d., para. 2). In turn, the
concept of Etuaptmumk furthers Netukulimk, which relates to “the use of the
natural bounty provided by the creator for the self-support and well-being of the
individual and the community [...] achieving adequate standards of community
nutrition and economic well-being without jeopardizing the integrity, diversity,
or productivity of our environment” (Unama’ki Institute of Natural Resources,
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n.d., para. 1). These concepts and practices acknowledge that there are
“reciprocal responsibilities” between those humans and nature who share a
given territory.

The current international understanding of ocean literacy centres around
seven scientific principles as originally defined in the United States-based
framework, “Ocean Literacy: The Essential Principles and Fundamental Concepts
of Ocean Sciences for Learners of All Ages” (National Oceanic and Atmospheric
Administration, 2013). As noted in the introduction of the framework, this
definition fails to account for the vast, diverse, and meaningful contributions that
Indigenous perspectives bring to the term ocean literacy. What is more evident
is how the international usage of ocean literacy lacks Indigenous embodiments
of human relationships with the ocean and the natural world. If Canada is to
adopt approaches to ocean literacy that are nationally, regionally, linguistically,
and culturally relevant, then Indigenous knowledges, languages, and rights must
be at the forefront of these conversations. From our collective perspective, this
is to be achieved through “reciprocal responsibilities” as named above, meaning
the broader ocean literacy community must ensure that inclusion of Indigenous
worldviews is not extractive or tokenistic, but is rather reciprocal and mutually
beneficial, first and foremost for Indigenous peoples.

Into Murky Waters: Translating Ocean Literacy

The complexity of human relationships with a changing ocean reveals how
understanding ocean literacy in Canada cannot be fully realized through the lens
of English alone. In this officially bilingual country, there are nearly eight million
Francophones spread across all 13 provinces and territories (Statistics Canada,
2017). In addition, there are roughly 70 living Indigenous languages, and at
least 22 other significant language communities (100,000 + speakers) have
been identified outside of English, French, and Indigenous languages (Statistics
Canada, 2017). These diverse linguistic communities have distinct relationships
and associations with the ocean, necessitating culturally and linguistically
relevant ocean literacy terminology.

From its inception, COLC has operated as a bilingual English-French
organization, reflecting the need, as a national entity, to honour both official
language communities in Canada. In French, COLC exists as the Coalition
canadienne de la connaissance de ['océan. The English and French titles,
however, are not entirely equivalent: Each word of the name of the Canadian
Ocean Literacy Coalition was chosen with deliberate care and forethought by
the founding partners of COLC and based on widely accepted international
terminology; Coalition canadienne de la connaissance de l'océan is the French
translation of this decision in English.

In the process of translation, the task of the translator is to spin words
from one language into another, typically with the goal of making text read as
though it were never written in another language to begin with. From outside
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this field, translation might appear to be an exercise of swapping a word in
one language for its direct equivalent in another, following a literal translation
approach (Nabokov, 1958/1995). However, what is often more important is
the notion of equivalency or finding equivalent concepts or referents (Vinay
& Darbelnet, 1995). In adopting a localized approach to translation, in which
the translation is rooted in the conceptual realities of the target audience
(the destined readers), the reader does not feel displaced or as though they
are reading a foreign text. Localization includes translation and other factors,
such as interpretation, cultural references, idioms, and local linguistic issues,
requiring translators to serve as “cultural interpreters” (Katan, 2014). Without
this cultural mediation, many conversations and nuances are missed and text
is replaced rather than co-created (Conway 2012). Even more challenging is
translating a term that does not already exist in a target language (the language
being translated into) or benefit from a robust body of resources and examples
of usage. This asymmetrical prevalence of translation from English into more
“peripheral” (Conway, 2012) languages accentuates the power imbalances
between sociolinguistic communities as well as the decline of linguistic diversity
globally (‘Utoikamanu, n.d.). Such is the case of ocean literacy in French,
Indigenous, and other languages (addressed in next section).

While COLC in English benefited from discussion, deliberation, and
internationally recognized terminology, the Coalition canadienne de la
connaissance de l'océan was chosen as the best equivalent by the translator,
or translation team, at the time of COLC’s launch in 2018. Connaissance de
l'océan was the term carried into COLC’s broader consultation and engagement
efforts in 2019 and used throughout the data collection in the Understanding
Ocean Literacy in Canada study. However, in what is an otherwise slim
repertoire of ocean literacy resources in French, there are at least two other
versions of the term in use, including alphabétisation des océans, as seen in the
Intergovernmental Oceanographic Commission of UNESCO’s Ocean Literacy
Portal (https://oceanliteracy.unesco.org/), and littératie océanique, as appears on
the Ocean School platform that was developed by the National Film Board and
Dalhousie University (https://oceanschool.nfb.ca/). In UNESCO’s French version
of the Ocean Literacy for All: A Toolkit, connaissance des océans and littératie
océanique are used interchangeably.

Of the 20 French interviews (of 188 total), all conducted within the St.
Lawrence and Atlantic Regions, few interview participants were familiar with
either ocean literacy or connaissance de l'océan, and none of these respondents
indicated using the term within the context of their work. Neither term garnered
strong opposition, but nor was there any strong interest. It was, however,
noted that connaissance is much less emotionally charged than “literacy” and
overwhelmingly associated with scientific knowledge. In the St. Lawrence
Region, a holistic approach was preferred, one that recognizes an ecosystem
continuum rather than an ocean-specific expression. This could arguably be
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attributed to the prominence of the St. Lawrence River as a freshwater system
that flows into a saltwater estuary before opening into the Gulf of St. Lawrence
and draining into the Atlantic. In fact, in French, there are two words for river:
riviere for an inland waterway and fleuve for the waterways that connect directly
to an ocean basin. In understanding that it is, bel et bien, the fleuve Saint-Laurent
(and not riviérel), it is perhaps no wonder that an ecosystem literacy is closer to
communicating “ocean literacy” related work in this dynamic region.

While these findings begin to uncover how to unite ocean literacy work
in Canada across official languages, they do not yet point to any satisfying
conclusion in the search for “ocean literacy” in French. Throughout the process
of co-developing the Canadian Ocean Literacy Strategy, conversations regarding
terminology in French have been carried forward, with initial research findings
supplemented by workshops and intentional conversation circles. Although
those engaged in this work so far are predominantly Québécoise, actively holding
space and setting aside resources for the development of localized resources
across the country can hopefully serve as small steps toward finding language
that conveys ocean literacy to Canadian Francophonie at large.

Wading Deeper: Translating into Inuktut

As a primarily Anglophone and settler research team, wading into the complexity
of ocean literacy terminology was extremely challenging in the context of
Indigenous languages. Across the country, it was clearly voiced that further
time and resources need to be allocated to the co-creation of opportunities
that bridge the term ocean literacy across language communities and build the
understanding in a culturally appropriate manner.

Issues of language, power, and colonialism are deeply intertwined in
understanding and naming the global ocean; attempts to translate between
dominant languages and Indigenous languages only accentuate the tensions
and power imbalances inherent in these human-ocean relationships. The
recent proliferation of interest in writing about the “ocean” continues to centre
European languages, thus perpetuating the colonial erasure of Indigenous
Peoples who, as Te Punga Somerville (2017) writes, “have already been here” (p.
28). In considering the linguistic challenges of naming the ocean(s), particularly
Oceania/the Pacific Ocean/Te Moananui-a-Kiwa, Te Punga Somerville suggests
that “It is a truth universally acknowledged that there is no singular name for
our ocean” (p. 25). For people throughout this region, Te Punga Somerville
continues, “We can say that communities across the region collectively name
the ocean through these specific names, but we can equally say there are as
many oceans as there are languages here. How many is that? Over 1200 at last
count” (p. 27). This notion that there are as many oceans as there are languages
to name the ocean centres Indigenous knowledges, languages, and rights while
also countering the North Atlantic/Anglophone/Eurocentric conceptualizations
that recommend naming only one global ocean.
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Inuit Nunangat spans four land claim territories (the Inuvialuit Settlement
Region, Nunavut, Nunavik, and Nunatsiavut) and is home to most of the 65,000
Inuit living in Canada, nearly two-thirds of whom actively communicate in
Inuktut (term collectively referring to all dialects of Inuit language, including
Inuktitut and Inuinnaqtun; ITK, 2019). The National Inuit Strateqy on Research
(ITK, 2018) developed by a national Inuit rights organization to guide research
in Inuit Nunangat aims to ensure Inuit access, ownership, and control over data
and information. This includes the utilization of Inuktut in data platforms and
information management. Complicating this process is that, while Inuktut is
a collective term for all Inuit language dialects, there is no one collective Inuit
language. Thus, for a resource to be universally available to Inuktut speakers,
there would need to be translations for each of the (currently nine) different
Inuktut writing systems that are used across Inuit Nunangat (ITK, 2019). This
realization has led to an increased push for a unified Inuktut orthography;
however, a common writing system requires broad and consistent community
engagement, awareness, and commitment over time. In determining the Inuktut
dialect for the Inuit Nunangat Regional Report in spring 2020, the COLC research
team chose to translate into the Northern Baffin dialect of Inuktitut, using
syllabic orthography, as this is the common dialect for national organizations.

As no member of the COLC research team speaks Inuktut, no conversations
within the study were held in Inuktut. Furthermore, with no existing body of
work referencing ocean literacy in Inuktut at the time of translation, expert
translator, Sadie Hill, was required to create what we believe is the first
translation of ocean literacy into Inuktut, roughly translated as Cn.>cnol
IPZPBLC™NEYRE which translates into English as to share ocean knowledge with
others and to educate others of what they know. This creation of new terminology
was largely based on discussions with the COLC research team, in English, to
fully understand what was encapsulated by (our understanding of) ocean literacy.
From these English words and resources, the translator was able to weave ocean
literacy into Inuktut in order to produce a new term.

Even with the assistance of an expert translator and the insight of a
researcher with nearly 15 years of experience within the region, we recognize
the loss of the worldview perspective in this translation. As noted by Tommy
Akulukjuk in My Father Was Told to Talk to the Environment First Before Anything
Else: Arctic Environmental Education in the Language of the Land,

unfortunately, we can turn Inuktitut into a language of English. What I mean is, that
we can use the workings of English and have them translated into Inuktitut, but are
they really Inuktitut words, or are they just a transfer of English into Inuktitut phrases
and sounds? Is it really Inuktitut, do they really capture the language and the feeling
of what is being said? (Rasmussen & Akulukjuk, 2009, p. 289)

This approach restricts the reader’s aw areness of the cultural nuances of the
original, intended text meaning.
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In an ideal world, all texts and resources would be given the space and means
to be developed within the target language community, ensuring maximum
relevance and community ownership of terms and concepts. However, in reality,
with our resources and capacity, translation becomes a vital tool for moving
toward sharing data more equitably, creating inclusive research, and ensuring
materials reach the relevant audiences. Although we acknowledge the limited
nature of ocean literacy in encompassing Indigenous worldviews, this perceived
failing is also based on conversations that are taking place largely in English,
which therefore do not take into consideration the numerous potential phrasings
and nuances in another language. Although COLC has thus far only been able to
lead ocean literacy exchanges and dialogues in English and French, perhaps the
success of this translation lies in Inuktut speakers’ opportunity to give space to
new words or ideas beyond the trappings of English.

Learning to Listen to Many Ocean Stories

Ocean literacy is a broad, internationally recognizable term, situated within
an established community of practice and growing body of research (Borja et
al., 2020). However, it is also, at least in a Canadian context and depending
on the audience, an imperfect, problematic, narrow, irrelevant, exclusive, and/
or unexciting term. The Understanding Ocean Literacy in Canada study, which
directly informed the co-development of Land, Water, Ocean, Us: A Canadian
Ocean Literacy Strateqy (COLC, 2021b), was led by a small, all-female research
team, with limited time and resources, while dealing with the additional
challenges imposed by a global public health pandemic. And yet, of all the
challenges faced in co-building an evidence-based, community-driven national
strategy, the most persistent and significant sticking point has been the very
term around which the project itself is built.

Such a situation leaves us with something of a paradox. After two years of
research and engagement that has received input from over 3,000 Canadians,
ocean literacy remains a dissatisfactory term. And yet, to break away from ocean
literacy would be to remove the only label that has, as of yet, been able to unite
the breadth of work that Canadians believe it should include. To continue with
ocean literacy is, in many ways, contradictory to what we heard and, some would
argue, harmful. And yet, to scrap ocean literacy would remove the scaffolding
of the community and momentum that has propelled this project to where it
is now and distance Canadian efforts from ongoing international dialogues and
communities of practice. This dilemma is not new to the field of environmental
education, which has struggled for decades with the proliferation of terminology
that includes Education for Sustainable Development, Sustainability Education,
and place-based education, among many others (Jickling & Sterling, 2017). With
this in mind, Jickling and Sterling (2017) caution that “we think that endless
pursuit of new signifiers will be dissatisfying and ultimately empty” (p. 6). As
an alternative, the authors recommend a “fundamental re-thinking of education
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and its purposes in a rapidly changing global context” (p. 6). If we are to heed
this advice, where do we go from here?

To begin with, advancing ocean literacy in Canada will only be achieved by
broadening our current understanding of what the ocean means for people in
diverse contexts. Fostering strong relationships to land, freshwater, coastal areas,
sea ice, and the open ocean—broadly understood as an ocean continuum-—can
be helpful for better expressing the interconnection of all “ocean features.” These
relationships can also be strengthened by revitalizing Indigenous languages and
creating space for linguistic diversity that allows us to engage with the thousands of
oceans as they are known within distinct linguistic, cultural, and regional contexts.
We suggest that Te Punga Somerville’s (2017) recommendation for her field of
Ocean Studies is apt for this discussion on ocean literacy terminology: “I want
to ask whether Ocean Studies might be better understood as if it were itself an
ocean: without a singular starting point or origin; endlessly circulating. Not beyond
genealogy, because nothing is, but possessed of a genealogy that is impossibly
and beautifully wide” (p. 28). Rather than defining ocean literacy narrowly, that
is according to Western, Anglophone, scientific ways of knowing that are deeply
embedded in colonial practices of dispossession, erasure, and conquest, how
might our relationship with the ocean change if dominant discourses stepped
aside to allow other voices to emerge?

In addition to opening up the word “ocean” to include marginalized and
silenced relationships with the ocean, reconceptualizing “literacy” as listening
and storytelling practices that include oral and other naming practices (e.g., art,
food, ceremony, dance) connected to land, water, and the ocean moves us beyond
the deficit-based, instrumentalist, and narrowly-defined textual understandings of
literacy without moving beyond the term itself. In fact, this reconceptualization
opens up the term to multimodal, embodied, justice-oriented literacies (Schroeter,
2019) and the diverse ways in which ocean knowledges, ocean values, and ocean
actions are at the heart of ocean literacy. While conceptualizing the ocean as
a continuum is a first step in reframing this mindset, we acknowledge that as
Canada moves into implementing a national strategy, we open the door for more
conversations and progress in the next few years.

There are very real challenges that confront us in efforts to reconceptualize
ocean literacy to include lived experiences and varied ways of knowing—ones
that are outside of textual understandings of “literacy” and which may not always
be adequately shared or understood in the conventional Western Anglophone
paradigm (including the paradox of this very article that attempts to explore
these tensions from within the written English language). Reserving space and
time to collectively develop words and phrases that more fully represent the
concept of ocean literacy is critical to ensuring greater relevance and inclusivity.
Yet, there is an urgency to this work, as, with or without the perfect words, the
national and international community is moving quickly and the crises facing
the ocean require immediate action. The United Nations Decade of Ocean
Science for Sustainable Development has launched, as has the first phase of
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the Canadian Ocean Literacy Strategy and Implementation Plan (COLC, 2021a).
Nevertheless, amidst these intense and important activities both nationally and
internationally, questions about terminology cannot be sidelined by the urgent
need for concrete ocean actions. Instead of shying away from the problematics
of ocean literacy terminology, we can actively commit to creating spaces at
the table for diverse perspectives to be shared and, more importantly, to be
heard. For instance, the National Strategy’s Implementation Plan: Pathways for
Collaboration (COLC, 2021a) commits to supporting French and Indigenous
language communities in the development of, and continued access to, multi-
language resources and program offerings. It is important to continue funding
translation efforts that enable materials to be available within and across diverse
linguistic communities. Creating the time, space, and expertise to provide COLC
research reports and the National Strategy and Implementation Plan in English,
French, and Inuktut was undeniably challenging for a small team to achieve in
the context of the national study and National Strategy efforts. However, the
importance of this commitment cannot be underestimated.

If we can learn anything from ocean literacy terminology, it is that literacy
is an invitation into complicated conversations. Rather than moving beyond the
term by definitively accepting or rejecting “ocean literacy,” whereby we risk
denying both the valid critiques and the merits of the term, we suggest that
staying “beside” (Sedgwick, 2003) the term creates space for marginalized voices
to redefine both ocean(s) and literacy in generative ways. As Kosofsky Sedgwick
(2003) writes, “the irreducibly spatial positionality of beside also seems to offer
some useful resistance to the ease with which beneath and beyond turn from
spatial descriptors into implicit narratives of, respectively, origin and telos” (p. 8).
From this position of beside the dominant narratives of the ocean, we reimagine
inclusive, more fluid storytelling practices based on relationships that create space
for all voices to be heard and, most importantly, we learn new ways to listen and
take action for the common good. In recognition of these central tensions to this
work, there is also a central truth to which we can always return: The ocean has
a place in all our stories. We just might each have a different way of telling them.
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